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Abstract 
 
Evaluation of object attributes to study speed-accuracy trade-off of gloves 




Selection of appropriate gloves plays an important role in the overall comfort and 
productivity of workers. Currently, there are no standards and/or guidelines available to 
systematically evaluate the glove performance based on speed-accuracy trade-off. The ISO 
9241-411 standard which is based on Fitts’ Law has been extensively used in the literature to 
measure speed-accuracy trade-off in terms of throughput in the virtual environments. This 
study was aimed at developing guidelines for implementing ISO 9241-411 standard in the 
physical environment so that it can be used to estimate (and compare) throughputs of safety 
gloves. Specifically, the various physical attributes of objects used in the target transfer tasks 
(within the ISO 9241-411 standard) were evaluated using an experimental study. Fifteen 
healthy subjects performed a series of target transfer tasks using three glove conditions 
(barehand, glove type 1, glove type 2), three object heights (0.28", 0.43", 0.88"), two object 
materials (nylon, stainless-steel) and two object shapes (circular, hexagonal). The main effect 
of glove condition was statistically significant. The mean throughput for the barehand was 3.61 
bits/sec, and for glove types 1 and 2, the mean throughputs were 3.36 bits/sec and 3.31 bits/sec, 
respectively. The interaction effect of object height with object material was statistically 
significant. The mean throughput for 0.88" stainless-steel objects (2.99 bits/sec) was 
significantly different from 0.88" nylon objects (3.13 bits/sec), but for  0.28" and 0.43" objects, 
there was no difference in the mean throughput due to difference in the material. The main 
effect of object shape was statistically insignificant. Based on the additional analysis of 
different statistical measures, the stainless-steel 0.88" circular object was found to perform 
better compared to other objects in terms of its ability to distinguish different glove conditions. 
In summary, this study concludes that it is possible to use ISO 9241-411 standard in a 3-D 
physical environment to compare barehanded exertions with gloved exertions. However, it 
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 : Introduction 
Gloves provide protection against hand injuries to industrial workers in operations such 
as material handling, assembly tasks, working with hand-tools, etc. Industrial gloves are made 
of different types of material depending upon the desired protection against potential hazards 
in the workplaces. Leather gloves, fabric and coated fabric gloves, chemical resistant gloves 
and insulating rubber gloves are the broad categories of gloves for industrial applications [1]. 
Occupational Safety and Health Administration (OSHA) mandates employers to select 
appropriate hand protective equipment depending on the potential safety hazards in the 
workplace environment (29 Code of Federal Regulations (CFR) 1910.138(a) , 29 CFR 
1910.138(b) ) [2]. 
Additionally, there are standards published by the American National Standards 
Institute / International Safety Equipment Association (ANSI/ISEA) to assist the employers 
with the glove selection process. ANSI / ISEA 138-2019 standard provides guidelines to 
measure impact performance of gloves [3]. ANSI/ISEA 105-2016 is a voluntary consensus 
standard which provides guidelines for test methods and classification levels of performance 
characteristics of hand protection equipment. This standard includes performance 
characteristics of Cut Resistance, Puncture Resistance, Hypodermic Needle Puncture 
Resistance, Abrasion Resistance, Chemical Permeation, Chemical Degradation, Heat and 
Flame Protection, Heat Degradation Resistance, Conductive Heat Resistance, Vibration 
Reduction and Dexterity. According to this standard, the smallest diameter of pin that can be 
picked up wearing a glove determines the glove’s dexterity. The smaller the pin size, the higher 
the level of dexterity [4]. While dexterity is an important measure, it may not always correlate 
with the measure of performance during industrial assembly or maintenance tasks. During such 
tasks, the workers are not only required to grasp objects of various dimensions, but also to 
place/locate these objects at specific locations with high accuracy. Many a times these tasks 
are performed under time pressure, making speed an important factor in addition to the 
accuracy.  To our knowledge, very little research had been done on methods that can 
simultaneously measure speed and accuracy during manual tasks performed using gloves. 
Throughput based on Fitts’ Law combines speed and accuracy during target 
acquisition/transfer task into one number and has a potential to be used as a possible measure 
of gloves performance.  
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Throughput is measured in terms of output per unit time or output per person employed. 
Throughput data is often used to specify performance of an activity and it is useful for future 
planning or improvement of operations. Accuracy of human tasks is measured in terms of 
human errors. Human errors which result due to incorrect execution of correct intentions are 
the ones which are most affected by speed. A higher quality output can be achieved through 
elimination of errors [5]. According to Fitts’ Law, there is an inverse relationship between 
accuracy demands of a task and the time needed to complete the task. Speed-accuracy trade-
off is a trade-off between how fast a task is performed and the number of errors. Higher speed 
is associated with higher number of errors and vice-versa. In this study an attempt is made to 
develop new guidelines for glove selection based on speed-accuracy trade-off in terms of Fitts’ 
throughput.  
1.1 Background of Fitts’ Law 
Speed-accuracy trade-off in rapid human movement was first studied by Woodworth. 
Woodworth studied the impact of movement duration, velocity, amplitude on movement 
accuracy of voluntary movements [6]. Many theoretical and mathematical models have been 
proposed to explain speed-accuracy trade-off for both spatially constrained and temporally 
constrained movements. Fitts’ Law is the most popular model for spatially constrained 
movements when both the amplitude of movement and width of target object is known. This 
law has been used extensively to model movements for one-dimensional (1-D) to 3-
dimensional (3-D) environment, underwater movements, using various limbs and most 
importantly in human-computer interaction [7].  
 In 1954, Paul M. Fitts’ extended the use of information theory to quantify information 
capacity of the human motor system. Fitts measure of task difficulty was based on the 
“maximum relative uncertainty” which is ratio of the width of the target object and twice the 
amplitude of movement [8]. Fitts conducted three experiments: reciprocal tapping between two 
rectangular metal plates with a stylus, washer transfer task from one pin to another, and pin 
transfer task from one set of holes to another. Consider one experiment – the washer transfer 
task, the difference between the inside diameter of the washer and the pin diameter was given 
the term “tolerance”, now called the “target width” (W). The distance between the two pins 
was called the “amplitude” (A). Here, movement amplitude is analogous to “signals” and target 
width is analogous to “noise” [9]. These two terms together determine the “Index of difficulty” 
of a given task. The units of index of difficulty (ID) is bits/response. The time of each transfer 
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cycle was measured and was called the “movement time” (MT).  The ratio of ID and MT was 
called “Index of performance”, now called “Throughput”. The units of throughout is bits/sec. 
This term is analogous to rate of transmission of information. Original Fitts’ Law did not 
produce a good fit at low values of IDs, where the movements are likely ballistic and not 
visually-controlled [10]. Over the years, several modifications have been proposed to the ID in 
the Fitts’ Law. However, three forms of Fitts’ Law are most relevant:  
(1) Original Fitts’ Law: 





(2) Welford formulation: 





(3) Shannon formulation: 





Welford and Shannon formulations provide good results for a wide range of IDs [10]. 
The variability in the sequence of output responses is used to determine the “Effective target 
width”. The distribution of output responses is a “normal” distribution and the percentage of 
errors or standard deviation of the output responses can be used to determine the effective target 
width. “Effective amplitude” determines the distance moved along the task axis [11]. The 
detailed calculations for ID and Throughput using the effective target width and effective 
amplitude are given in section 3.5.1. Shannon formulation is widely used for analysis in 
Human-Computer interaction whereas the original Fitts’ Law is widely used by researchers to 
model human movement [10]. 
1.2 Application of Fitts’ Law in Human-Computer Interaction 
ISO 9241-411 provides a standardized methodology for application of Fitts’ Law to test 
performance of input devices in Human-Computer Interaction. Multi-part ISO 9241 refers to 
“Ergonomic requirements for office work with visual display terminals (VDTs).” Part 411 
refers to “Evaluation methods for the design of physical input devices”. This standard is 
implemented to 1-D task and two-dimensional (2D) task of the Fitts’ paradigm. The standard 
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is applicable to serial or reciprocal target selections, and not discrete target selections [11]. 
There has been extensive use of Fitts’ Law in the evaluation of input devices in HCI.  
 Hassan et al. [12] compared the use of a hands-free input – face tracking software called 
Camera Mouse with a hands-on input – touchpad. Camera Mouse yielded lower throughput 
(0.85 bps) compared to touchpad (2.30 bps). List et al. [13] compared the touch performance 
of varying display sizes. Error rates were higher in smaller display sizes while the larger screens 
were associated with higher fatigue. The results suggested use of different screen sizes for 
different applications. Zhuang et al. [14] used Fitts’ Law to develop a model which can be used 
to improve cockpit layout to reduce prevent potential safety problems arising from pilot’s 
errors. Roig-Maimó et al. [15] studied the use of head-tracking interface on mobile phones and 
found that the throughput by moving the head was higher than the throughput by moving the 
device. Bachynskyi et al. [16] compared use of different touch surface types like tablet, laptop, 
tabletop, public display and smartphone using a performance factor – throughput and an 
ergonomics index – muscle activation. This study gave information about the touch surfaces 
that should be used and the postures that should be adopted while using them. Laptop had a 
poor performance but was best for long term use while smartphone was unsuitable for long-
term use. 
1.3 Application of Fitts’ Law to 3-D Tasks 
Fitts’ Law is well established for aiming tasks in virtual environment as discussed 
above. Originally the law was developed for quantifying human information capacity 
(throughout) of 3-D tasks. However, calculation of throughput for movements in 3-D physical 
world are influenced by other factors as well. This section will present some findings showing 
that object dimensions (in one or more than one axis), location of the object in the 3-D space, 
the act of grasping object for lifting (prehension) influence throughput results using Fitts’ Law. 
1.3.1 Fitts’ Law with different limbs 
Drury [17] extended the use of Fitts’ Law from hand movements to foot movements. 
Different IDs were created using different combinations of foot-pedal width and separation 
between the two pedals in the same plane. A correlation coefficient of 0.97 between MT and 
ID was obtained. Drury confirmed that this relationship can be used to predict movement time 
in different foot-pedal configurations.  
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Glaser et al. [18] studied the accuracy of Fitts’ Law to determine the braking movement 
time in 3-D space. Movement times for different relative positions of brake with respect to 
accelerator – in terms of depth, height and lateral position were measured. The results showed 
that only depth had a significant effect on the movement time. The results were compared with 
the predictions using Fitts’ Law (r2 = 0.549 significant at p<0.0001). It was found that Fitts’ 
Law gave inaccurate results when the brake pedal was placed behind the frontal plane of the 
accelerator. 
Drury [19] used Fitts’ Law to illustrate time savings associated with the order in which 
tasks are carried out in an assembly task. This study showed that for the items that are 
assembled or sorted in a limited space, movement times will be the lowest for the increasing 
order of size (thickness), followed by random order, and then by reverse order. He also showed 
that the number of items and the variability in their thickness is directly correlated with the 
increase in total assembly time. The amount of time savings is highly relevant to repetitive 
operations. 
1.3.2 Fitts’ Law for prehension tasks 
 Bootsma et al. [20] studied the relevance of Fitts’ Law for prehension tasks instead of 
aiming tasks. Prehension tasks include two components – the transport component of bringing 
the hand closer to the object to be grasped and the grasp component of enclosing the object 
with fingers. The experimental results showed that the movement time is positively correlated 
to the movement amplitude, negatively correlated to object width and independent of object 
size until the maximum grasping size is reached. Here, object width refers to the extension of 
the object along the reach axis while object size refers to the extension of the object orthogonal 
to the reach axis. The movement time was explained in terms of the acceleration phase – from 
start of movement till the peak velocity is attained, and the deacceleration phase – from the 
peak velocity till the end of unidirectional movement of hand. Higher movement amplitude 
caused an increase in both acceleration phase and deacceleration phase. Smaller object widths 
had a longer deacceleration phase. Peak hand velocity was also found to be positively 
correlated to movement amplitude, object size and object width. The grasp characteristics – 
Peak hand aperture is positively correlated to object width and object size; Peak finger closing 
velocity was found to be a function of the difference between the hand aperture and object size.  
To apply Fitts’ Law to prehension tasks, Bootsma et al. [20] suggested that the object 
width may be considered analogous to the target width. However, the relationship between the 
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movement time and index of difficulty for prehension tasks (r2= 0.678) is not as strong as the 
aiming tasks. This weakened relationship was attributed to dependency of two concurrent 
mechanisms – transporting and grasping.  
 McIntosh et al. [21] and others have tried to fit their test data of grasping objects in 
three dimensions with the Fitts’ model, which was originally developed for one-directional 
movements. McIntosh has cited three reasons for inefficiency of applicability of Fitts’ law to 
prehension tasks: 1) Prehension tasks are more complex than the unidimensional tasks. 
Amplitude and target object size may have additive effects on movement time. 2) A two-factor 
model with amplitude and target size having independent effects will be more fitting than the 
original Fitts’ law. 3) While grasping an object on a table, the path of movement is a curvature 
and not a straight line. This alters the effective size of the object. Also, when the fingers 
approach downward and are stopped by the table, the accuracy constraint is no longer parallel 
to the plane of reach.  
McIntosh et al. [21] carried out a sensitivity analysis of the movement time by varying 
object dimensions and amplitude; and compared the results obtained with the Fitts’ single-
factor model (Index of Difficulty) with the two-factor model. Aerial tasks were conducted in 
this study to overcome the issues mentioned in point number 3 in the paragraph above. 
Cuboidal target objects were used, the height and width of the object were orthogonal to the 
direction of reach while the object depth was in the direction of reach. The results showed that 
movement time has an indirect relationship with object height and object depth; and a direct 
relationship with the amplitude and object width. Higher object widths decrease the safety 
margin between the fingers and the object, increasing the movement time. However, this 
relationship was observed to be significant at higher width values (greater than 40 mm).  
A multiple regression model using two factors (Figure 1-1) was generated. The 
predicted response from the regression model provided higher coefficient of determination 
(r2>0.9) than using the single-factor Index of Difficulty model (r2<0.8). Peak velocity had a 
positive correlation with amplitude but was independent of object size. Higher amplitude 
increased time to attain peak speed (TPS) and time after peak speed (TAPS). Larger object size 
decreased the TAPS only. It was suggested that the changes in movement time due to amplitude 
and object size are brought about by different reasons and thus a two-factor model will be more 
appropriate. However, singular dimension (object height or width or depth) of the cuboid 
against movement time was studied thus, neglecting that the target is a 3-D object. If the log 
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term is separated into two terms, the units for ID will not remain bits and thus the information 
analogy will be lost [11]. 
 
Figure 1-1: Prediction of movement time using multiple regression model 
1.3.3 Fitts’ Law for pointing tasks in 3-D space 
Murata & Iwase [22] gave a modified form of Fitts’ Law to explain 3-D pointing tasks.  
The direction of movement from the starting point to the location of the target θ was measured. 
The results showed a significant effect of θ on the movement time and the following equation 




+1 +c* sin θ 
1.4 
This relationship gave a higher value of r2 = 0.726 in contrast to the conventional Fitts’ model 
r2 = 0.561. The conventional Fitts’ model holds good for directional Fitts’ 2-D task using mouse 
having r2 = 0.99. However, the same is not true in a 3-D pointing task due to variable movement 
times. This is caused due to involvement of highly complex movement trajectories and 
involvement of more muscular forces. Thus, it becomes important to determine the relationship 
between the movement time and the direction of movement. 
 Cha & Myung [23] specified location of a target object using two angles in the 3-D 
space: θ1 – angle between positive z-axis and target location; θ2 – angle between positive y-axis 




Figure 1-2: Angles measured in 3-D space in Cha & Myung [23] study 
The experiments showed a linear increase in movement time with increase in θ1 and 
movement time varied as a cosine function of θ2. The modified equation for index of difficulty 




+1 +d* cos θ2 +c*θ1 
1.5 
The coefficient of determination increased from 0.488 using conventional Fitts’ model 
to 0.756 using extended Fitts’ model as described above. Standard error was reduced to almost 
half using the extended Fitts’ model. The increase in movement time due to change in θ1 & θ2 
was explained by increase in physical forces in raising the arm to reach that specific target 
location. 
 Index of difficulty for a task increases with an increase in the number of target 
constraints [10]. Hoffmann, Drury & Romanowski [10] studied the effect of target constraints 
in 3-D on movement time. The participants carried out stylus reciprocal tapping tasks on 1-D, 
2-D and 3-D targets. The measured movement times were compared using different models 
developed for multi-dimensional pointing. Crossman equation and weighted Euclidean model 
equation provided the best fit [24, 25]. The Crossman equation for movement time is given as: 











Here, the weights b, c and d correspond to the rate of information processing in their respective 
dimensions. The weighted Euclidean model for movement time is given as: 
9 
 
















Here, α and β are weights assigned to the effect of constraints in their respective direction. 
Their values are obtained with iteration. X-axis is the direction of reach to the target. Y-axis is 
the target height perpendicular to the direction of movement. Z-axis is the depth of the target 
perpendicular to the direction of movement. The contributions of the three constraints towards 
movement time using the Crossman equation were: for the 2-constraint case, Wx – 70.6%, Wy 
- 19.4%; for the 3-constraint case, Wx – 78%, Wy - 14%, Wz – 3%. Thus, when approaching a 
target all the three constraints are processed simultaneously with the highest contribution from 
Wx. If the direction of reach is changed then the contributions of different constraints will adjust 
accordingly. The times for 2 and 3 constraints cases are almost same as shown in Figure 1-3. 
 
Figure 1-3: Contribution of object dimensions to variance in 1-, 2- and 3-constraint cases 
1.4 Effects of Gloves on Hand Performance Capabilities 
Almost all industrial tasks require workers to wear gloves. Gloves are often associated 
with reduced dexterity, tactile sensitivity, grip strength, muscle fatigue and discomfort [26]. 
Reduced dexterity is attributed to low coefficient of friction between glove and surface of 
object, poor fit of hand causing slippage and poor manipulation of hand/fingers due to stiffness 
and thickness of the glove material [27]. Reduced tactile sensitivity refers to reduced feedback 
about the object attributes like shape, texture and size. Dianat et al. [28] has reviewed 85 
research papers on the methods used and the results obtained to assess glove effects on hand 
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performance capabilities. Glove tenacity or glove adherence determines the amount of gripping 
force required to hold objects. This is dependent on the coefficient of friction between the 
surface of object and surface of glove material in contact with the object. 
Numerous studies have reported that wearing gloves reduces manipulability of manual 
tasks, causing an increase in the performance time. Kinoshita [29] studied the effects of 
different types of gloves with varying thickness on prehensile forces and performance time 
needed to lift different types of objects. Rubber and cotton gloves were used to lift objects 
covered with rayon and sandpaper. With barehand, the coefficient of static friction was higher 
for sandpaper surface than rayon surface. Compared to barehand, rubber gloves were much 
less slippery for rayon surface. The difference between the two measured forces, static force 
and slip force, was called the safety margin. Safety margin was the incremental force needed 
to prevent slippage of the object. Increase in glove thickness increased the safety margin for 
the gloves. Peak and static forces increased with increase in glove thickness but with a very 
high variability. Increase in total loading time with increase in glove thickness was 
insignificant. Kinoshita compared these findings with the previous research and suggested that 
the performance time can increase significantly if the participants are asked to perform the 
tasks as quickly as possible, unlike self-determined speed as used in this study. Rubber gloves 
had a higher coefficient of friction against both surface types than the cotton glove against 
rayon surface. The cotton glove provided a wider range of coefficient of friction, making them 
unsuitable for working with slippery surfaces. The pre-loading phase for the rubber glove was 
significantly shorter than the cotton glove. A survey among participants indicated that using a 
rubber glove was better than barehand and the cotton glove was the most difficult to use.  
Polechoński & Olex-zarychta [30] studied the effect of tactile impairment on the 
movement accuracy and speed of carrying out tasks with the upper extremities. Earlier studies 
indicated that only visual and prioceptive information determines movement and accuracy. The 
participants performed groove-tracking task with a pen using Vienna Test System using four 
gloved conditions. There was a significant increase in the number of errors and the total time 
of errors with gloves. However, wearing gloves did not have any effect on the total movement 
time. The largest number of errors were made with the thickest glove made of soft animal 
leather. The influence of tactile impairment on accuracy was more pronounced for short task 
than for the longer task, which involves more muscles and joints.  
11 
 
 Moore & Campbell-Kyureghyan [26] obtained glove user fit rating, comfort rating and 
dexterity rating for three kinds of gloves – knit gloves, leather gloves and oil/gas industry heavy 
duty gloves. The performance times of bolt disassembly task and rope type tasks were 
measured. The gloves with shorter performance times had higher user ratings. Thicker gloves 
have lower hand grip strength due to thicker layers of materials, reduced friction between the 
glove and the surface of the object and lowered tactile sensitivity. 
 Bronkema-Orr and Bishu [31] studied the effect of varying loads on the grasping force 
exerted with gloved hands. The study showed an increase in grasping force with increase in 
load weight. Similar results were reported by Bishu et al. [32]. 
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 : Study Rationale 
 
Manufacturing and assembly tasks involve gripping, grasping, holding and lifting 
activities. Workers typically are required to wear gloves while conducting such activities to 
reduce risks of hand injuries. Our literature review suggested that gloves provide protection 
but can also influence speed-accuracy trade-off. Fitts’ throughput combines speed and accuracy 
during target transfer/movement tasks into a single performance index. The ISO 9241-411 
standard has been extensively used in the literature to quantify speed-accuracy trade-off in 
terms of throughput. However, the ISO 9241-411 standard is designed to estimate throughput 
for physical input devices used in human-computer interface and thus majority of existing 
studies based on this standards were performed in the virtual environments. This study was 
aimed at examining the possibility of implementing ISO 9241-411 standard in the physical 
environment so that guidelines can be developed to estimate (and compare) throughputs of 
safety gloves.  
As noted, the ISO 9241-411 standard is widely used in the HCI research area. The 
standard provides methods to estimate throughput using aiming tasks in virtual environment. 
The most common application of this standard is in the evaluation of hands-on input devices 
like mouse, touchpad, joystick and hands-free input using face or head. List et al. [13] used this 
standard to compare touch performance in screens of different sizes like tablet, desktop and 
wall screen. Medium screen size of desktop was ranked the best in terms of both performance 
and fatigue. Another study by Bachynskyi et al. [16] linked muscle activation with throughput 
performance of different touchscreen devices. Laptop had a poor performance but was best for 
long-term use while smartphone was unsuitable for long-term use.  
The ISO 9241-411 standard in its current format is not suitable to estimate throughput 
for tasks performed in 3-D physical world. Movements of objects in 3-D space is influenced 
by various attributes such as location, size, surface and weight which can influence individual’s 
ability to grasp and move objects in 3-D space and all these factors can influence throughput. 
Bootsma et al. [20] showed that Fitts’ Law is applicable to prehension tasks. However, the 
relationship was weaker than simple aiming tasks due to functional coupling of transport and 
grasp components while performing 3-D activities. Murata & Iwase [22] and Cha & Myung 
[23] added new variables to the index of difficulty to specify movement to a target location in 
3-D space. In another study by Hoffmann, Drury & Romanowski [10], object dimension in the 
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direction of movement had the highest impact on speed-accuracy trade-off, followed by other 
dimensions.  
Gloves are often associated with reduced dexterity, reduced tactile sensitivity, reduced 
grip strength, muscle fatigue, discomfort and increase in performance times. Increase in glove 
thickness increases the number of errors. Gloves with lower ratings of dexterity, fit and comfort 
are associated with longer completion times. Lower coefficient of friction between glove and 
object and higher glove thickness increase the grasping force. Due to these factors, workers are 
less likely to wear safety gloves in the workplace. Hand injuries ranks second among work-
related injuries and seventy percent of these hand injuries occur because workers are not 
wearing safety gloves. Almost a million workers are sent to the emergency room owing to hand 
injuries. The average cost of medical claim and worker’s compensation for hand injury is 
$13,000 [33].  
In order to develop guidelines (based on the ISO 9241-411 standard) to estimate 
throughput for different types of gloves, it is critically important to understand how object 
attributes of shape, height and material (density) can affect between and within glove 
variability. Heavier objects will take longer to speed up and speed down than lighter objects, 
making density an important factor. Similarly, object shape can also influence speed and/or 
accuracy during the object transfer tasks. Thus, we designed a study to systematically evaluate 
effect of target/object shape, height and material (density) on throughput. We designed tasks 
with different index of difficulties to test the effect of target/object attributes on throughput. 
Furthermore, the glove conditions were carefully selected (increasing thickness) such that 
average throughput values were different between the gloves.  
 The following null and alternate hypothesis were used to test main and interaction 
effects of glove condition, object shape and weight on throughput: 
HO: Glove condition, object attributes (shape, height and material) and their interaction 
will have no effect on throughput. 
HA: Glove condition, object attributes (shape, height and material) and their interaction 




 : Methodology 
3.1 Approach 
Empirical method was used to measure Fitts’ throughput. In this study, the participants 
performed repeated object transfer tasks. The objects were placed along a circle and were 
transferred from one position to another diametrically opposite position. These tasks were 
performed using targets of various dimensions under different gloved conditions. Movement 
time for all the trials were measured and throughput was calculated using the ISO 9241-411 
standard. 
3.2 Participants 
A total of 15 participants between the ages of 23 to 34 years were recruited for data 
collection in this study. Table 3-1 gives a summary of mean and standard deviation (S.D.) of 
participants’ age, weight, height and knuckle width. Data for individual participants is 
presented in Appendix I. Participants were excluded from the research if they suffered from 
any type of musculoskeletal, degenerative, or neurological disorder or if they had a history of 
hand or fingertip pain or were suffering from any current pain. The objective and experimental 
procedure of this study was explained to them. Then, the participants were asked to read and 
sign a consent form approved by the local Institutional Review Board (Appendix II). 
Table 3-1: Summary of anthropometric measurements of participants 
Variable Mean S.D. 
Age (years) 27.5 3.4 
Weight (pounds) 141.3 23.7 
Height (feet) 5.6 0.3 
Knuckles Width (inches) 3.2 0.4 
3.2.1 Sample Size Determination and Statistical Power Analysis 
Operating Characteristic (OC) Curves were used to select the appropriate sample size 










Φ2 : non-centrality parameter 
n : sample size or number of participants 
D : minimum difference between treatment means beyond which null hypothesis should be 
rejected 
a : number of levels of treatment factor 
σ2 : variance estimate 
Based on the literature review, value of D equal to 1 bps and value of σ2 equal to 0.5 
was chosen. The significance level of the test was set at α = 0.5. Table 3-2 shows the statistical 
power values corresponding to different sample sizes. The results suggest that for sample size 
of 15, power of the test will be 93%.  
Table 3-2 : Statistical power of the test for different sample sizes 
n Φ2 Φ a-1 a(n-1) β Power = (1-β) 
9 3.00 1.73 2 24 0.30 0.70 
11 3.67 1.91 2 30 0.19 0.81 
13 4.33 2.08 2 36 0.15 0.85 
15 5.00 2.24 2 42 0.07 0.93 
3.3 Equipment 
3.3.1 Gloves 
The gloves were selected such that they impose different (incremental) levels of 
constraints during target transfer tasks and thus will produce distinct throughput values. Glove 
type 1 was made of goatskin leather (Figure 3-1). This glove was described as a cut-resistant 
work glove used in manufacturing, metal handling, general maintenance, construction, forklift 
drivers, truck drivers, and yard work. Glove type 2 was a metacarpal glove (Figure 3-1). It was 
a high-visibility glove that had cut and puncture resistant materials on the dorsal side. It was 
made of goatskin leather with Thermoplastic Rubber (TPR) material molded on the fingers, 
thumb and dorsal side of hand. This heavy-duty glove is used in mining, oil and gas and 
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construction industries. It was expected that throughput for glove type 2 will be lower than its’ 
less bulky counterpart, i.e., glove type 1.  
 
Figure 3-1: Gloves tested in this study: Glove type 1 (top), Glove type 2 (bottom) 
3.3.2 Target Acquisition apparatus 
 
The position data during target transfer tasks were measured using a custom-built 
Target Acquisition apparatus (Figure 3-2). It consisted of steel task plates (0.25 cm thickness) 
of various dimensions, target objects with different features, a Microscribe digitizer and a 
tripod with pan and tilt mount to hold the camera. The task plates were affixed with opaque 
vinyl adhesive mats. These mats included a pattern consisting of 12 target positions placed 
along a big circle. The width of target was referred as Target Width (W) and the diameter of 
the big circle was referred as Amplitude (A) as shown in Figure 3-2.  Based on Fitts’s law, the 










3.2        
  Four plates with ID’s ranging from 3.06 to 5.43 were used in this study (Table 3-3). 
The IDs are a measure of task difficulty where low ID is associated with an easy task and a 
high ID is associated with a difficult task. The maximum amplitude in our study was 
constrained by the length of digitizer arm. 





Target Width (in.) 
(W) 
Index of Difficulty 
(ID) 
1 11 1.50 3.06 
2 16 1.50 3.54 
3 15 0.75 4.39 
4 21 0.5 5.43 
 
 
Figure 3-2: Target Acquisition System: (a) Vinyl adhesive mats, (b) Steel plates, (c) Target objects, 





Figure 3-3: Task plates 1 to 4                       
Microscribe G2LX (Revware Systems, Inc.) digitizer was used to capture the 
coordinates of the center points of the target objects. This Microscribe system consisted of an 
articulating arm unit, a USB cable to communicate with a host computer and a hand-input 
device to trigger input data (Figure 3-4). The articulating arm unit contained a stylus which 
was used to record coordinate data (Figure 3-5). The coordinate data was recorded using Rhino 
6 – a 3D computer-aided graphics and design software. The coordinates were exported from 
Rhino 6 to a text file. Output results were extracted using MATLAB. The position of the 
digitizer and the steel plates were marked on the scissor lift to maintain constancy of the 
reference coordinates. 
Tripod with pan and tilt mount was used to hold the phone camera. Videos covering 
full image of the task plates were recorded. Time for all individual trials were extracted from 
19 
 
these videos. The adhesive side of magnetic tape was stuck on the bottom side of the target 
objects to prevent any undesired displacement of objects (Figure 3-6).  
 
Figure 3-4: Microscribe Digitizer system : (a) Articulating arm unit (b) USB Cable (c) Input device 
 





Figure 3-6: Magnetic tape on bottom of target object 
3.4 Experimental Design 
In this study, the dependent variable was Fitts’ throughput. It was quantified using 
effective index of difficulty (IDe) and task completion time. Method used to estimate IDe is 
explained in section 3.5.1. The independent variables in this study are listed below: 
I. Glove condition – (1) No glove/ Barehand (2) Glove type 1, (3) Glove type 2 
II. Object shape – (1) Hexagonal (Hex Nuts), (2) Circular (Solid Discs) 
III. Object material/weight – (1) Stainless-steel / heavy, (2) Nylon/ light. The 
density of stainless-steel is almost seven times higher than density of nylon. 
IV. Object height – (1) 0.28", (2) 0.43", (3) 0.88" 
The width of target objects which could be used for a plate depended on the Target Width (W) 
of that plate. Object height was different for different object widths. Table 3-4 shows the target 
object dimensions applicable for plates 1 to 4.  







1 1.50 0.88 
2 1.50 0.88 
3 0.75 0.43 
4 0.50 0.28 
The different levels of object attributes (shape, height and material) which were studied are 
shown in Table 3-5 and Table 3-6. 
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Table 3-5: Target object dimensions and weights 
Diameter for circular 
discs/ width across flats 















Range of weights 1 g, 4 g, 29 g (from smallest to largest 
size) 





Table 3-6: Target objects with different levels of object height 
Object height 
0.28" 0.43" 0.88" 
 
Each participant performed 144 experimental trials (4 IDs × 2 object shapes × 2 object 
material × 3 gloves conditions × 3 repetitions). Rest periods of 2 minutes after every twelve 
trials and 5 minutes after each plate were given to overcome fatigue. The trial order was 
randomized within plates and the plate order was also randomized. 
3.5 Experimental Data Collection Procedure 
Upon arrival at the laboratory, the participants were given a detailed explanation of the 
study objectives, experimental procedure and the equipment used. Then, the participants were 
asked to read and sign the consent form. Then, their anthropometric data including age, height, 
body weight and knuckle width was recorded. Hand measurement – knuckle width was taken 
to provide appropriate glove size for the participant. If the glove obtained from the sizing chart 
did not fit properly, then the participants could pick up the size which was the most comfortable 
to them. Glove Sizing chart for the gloves is included in Appendix III.  
The participants were instructed to stand along the drawn line of the floor to maintain 
a constant distance from the edge of the plate. The center of their body had to be aligned with 
23 
 
the center of the task plate. The height of the task plate could be adjusted to the hip height of 
the participant with the help of a scissor lift. The participant were asked to carry out the 
experimental tasks using thumb, index finger and middle finger of the dominant hand. They 
were advised to keep the non-dominant hand parallel to the body (Figure 3-7). The participants 
were given some time to familiarize themselves with the equipment and data collection 
procedure. Participants were allowed to practice for some time before beginning with the actual 
data collection.  
 
Figure 3-7: Posture and position of participant  used for this study 
Six objects were placed at positions “1” to “6” (Figure 3-8). The participant was asked 
to keep the dominant hand in “Ready” position (Figure 3-9). Then, participant was signaled to 
start the experimental trial. The trial began with the participant lifting the object at position “1” 
and moving it along a straight line to position “7” and so on (Table 3-7). The participants were 
asked to perform the task as fast as possible while maintaining accuracy of the task. Each trial 
lasted for about 6 to 10 seconds. After every trial, Microscribe 3D Digitizer was used to record 
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the coordinates of the center of the object at the “Select” position. “Select” position represented 
the final position (position where the object was actually placed). “From” and “To” coordinates 
remained fixed thus eliminating the need of measuring them in every trial. The movement time 
for all trials were video recorded.  
 
Figure 3-8: Sequence of movements in one trial 
 




Table 3-7: Sequence of movements in a trial 
Steps in a 
trial 
“From” “To” 
1 1 7 
2 2 8 
3 3 9 
4 4 10 
5 5 11 
6 6 12 
 
3.5.1 Throughput Calculation 
 
ISO Standard 9241-411 was used to calculate throughput. MacKenzie [11] provides the 
guidelines for calculating Fitts’ throughput. The throughput for a given experimental trial was 
calculated using the following equation: 




3.3       
Here, 
IDei – effective index of difficulty for the ith trial 




3.4       
MTi – average time for a single movement in the ith trial 
Aei – effective amplitude for the ith trial 
W – width of the target object            
The calculation process is illustrated below: 
Consider one of the six movements in a trial. Let (x1, y1), (x2, y2), and (x, y) be the 
coordinate position of the “From”, “To”, and “Select” point respectively (Figure 3-10). Here, 
the “from” point represents starting position (original/starting position of an object), and “to” 
point represents target position (position where the object is expected to be placed) and “select” 
point represents the final position (position where the object is actually placed). Image 
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Processing Toolbox Rhino6 was used to obtain the cartesian coordinates for these three points 















Next, dx was calculated to determine ae as: 
 dx=(c2-b
2-a2)/2a 
3.8       
 ae=a+dx 
3.9      
Here, ae is effective target amplitude for a single movement. The effective target amplitude 
(Aei) for the ith trial is the average of all ae values in that trial, i.e., average of 6 movements. 
MTi is the average time for a single movement in the ith trial.  
 MTi = Total movement time for ith trial / Number of movements (= 6 in this study) 
3.10        
Effective index of difficulty and throughput for all 144 trials were computed.  
3.5.2 Statistical Analysis 
 
To investigate the effect of the independent variable on the dependent variables, 
General Linear analysis of variance (ANOVA) models were used. Glove condition, object 
height, object material and object shape and their interactions were treated as fixed factors and 
participant was treated as a random factor. The throughput data met the normality and equality 
of variance assumptions of ANOVA (test findings and data are presented in Appendix IV and 
Figure 3-10: Geometry for Fitts’ 2-D task 
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Appendix V, respectively). The main effects of independent variables on throughput were 
tested using a statistical significance level of α = 0.05. Two- and three-way interaction effects 
on throughput were also tested. Significant main and interaction effects were further evaluated 
by conducting a comparison between means using Tukey’s Honestly Significant Difference 
(HSD) all-pairwise comparison test. JMP Pro 14 (SAS Institute Inc., USA) was used to perform 




 : Results 
4.1 Relationship between Movement Time and Effective Index of Difficulty 
 
According to Fitts’ Law, a linear relationship is expected between the Index of 
Difficulty (ID) and the movement time (MT), meaning higher the accuracy constraints of 
carrying out a task, lower is the speed. This is referred to as the speed-accuracy trade-off. ID 
is a logarithmic function of ratio of amplitude and target width.  
Figure 4-1 shows the relationship between Effective Index of Difficulty (IDe) and MT 
for the following combinations of object attributes: Nylon-Circular, Nylon-Hexagonal, SS-
Circular and SS-Hexagonal. When the data was fitted with linear model, the correlation 
coefficients were low and ranged from 0.21 to 0.30. Possible reasons for the poor linear fit 
could be the huge spread in MT data due to between-subject differences. Furthermore, the ID 
of plates 1 and 2 were quite close to each other (3.06 and 3.54 respectively). Thus, these two 
plates were not sufficiently different to distinguish the participants from each other. The data 
for IDe and MT is given in Appendix V (Columns 8 and 9).  
To improve the fit between IDe and MT, the MT for individual participants was 
normalized with respect to their maximum movement time to obtained Normalized MT. Also, 
plate 2 was eliminated. The resulting plots between IDe and MT for plates 1, 3, and 4 (with IDs 
of 3.06, 4.39 and 5.43 respectively) are shown in Figure 4-2. The correlation coefficients were 
improved with strength of the relationship being the highest for Nylon-Circular objects (r2 = 
0.55) followed by Nylon-Hexagonal objects (r2 = 0.50). These graphs suggest that the 
movement time increases as a linear function of  IDe and so, Fitts’ Law is applicable to the data 
collected in this study. 
Figure 4-3 shows the relationship between IDe and Normalized MT for different 
combinations of Object Material (Nylon/ SS), Object Shape (Circular/ Hexagonal), Glove 
condition (Barehand/ Glove Type 1/ Glove Type 2). For barehand, the strongest relationship 
was found for Nylon Hexagonal objects (r2 = 0.42), followed by Nylon Circular objects(r2 = 
0.40). For Glove Type 1, the strongest relationship was found for Nylon Circular objects (r2 = 
0.67), followed by Nylon Hexagonal objects(r2 = 0.64). For Glove Type 2, the strongest 
relationship was found for Nylon Circular objects (r2 = 0.67), followed by SS Circular 
objects(r2 = 0.65). On average, the relationship between IDe and MT holds best for Nylon-
Circular objects. Figure 4-3 also suggests that the effect of increase in MT with higher IDe is 
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more prominent in glove types 1 and 2 than barehand. This emphasizes the importance of 















Figure 4-3: Linear fit between IDe and Normalized MT under different combinations of independent variables 
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4.2 Analysis of variance (ANOVA) 
4.2.1 Throughput 
 
General linear ANOVA was used to study the effect of glove condition, object attributes 
(height, material and shape) and their interaction on throughput (TP). Descriptive statistics for 
the main effects on throughput is shown in Table 4-2. The main effects of glove condition 
(p<0.0001), object height (p<0.0001) and object material (p=0.0022) were found to be 
statistically significant. Object shape (p=0.5217) and its interactions had no statistically 
significant effect on throughput (Table 4-2). The throughput data for all participants is given 
in Appendix V (Column 11). 
Tukey-HSD pairwise comparison test was used to compare the different levels of 
treatment factors. Tukey-HSD test for glove condition revealed that throughput for barehand 
was significantly greater than both glove types. However, there was no statistically significant 
difference between the two glove types. The mean throughput for the barehand was 3.61 
bits/sec. Glove type 1 had a mean throughput of 3.36 bits/sec and glove type 2 had a mean 
throughput of 3.31 bits/sec, slightly lower than glove type 1. 
Tukey-HSD test for object heights revealed that there was no significant statistical 
difference between object heights of 0.28" and 0.43". The object height of 0.88" was 
significantly different from the other two heights. 
Tukey-HSD test for object material showed that the nylon and stainless-steel are 
significantly different from each other. The mean throughput for nylon objects was 3.45 
bits/sec and for stainless-steel objects was 3.40 bits/sec. Both circular and hexagonal shaped 









Table 4-1: ANOVA and Mean Pairwise Comparison Result of Throughput 
Main Effect Level** Significance Mean SD 
Glove Condition  <.0001   
 Barehand
A  3.61 0.74 
 Glove Type 1
B  3.36 0.75 
 Glove Type 2
B  3.31 0.77 
Object Height (in.)  <.0001   
 0.28"
A  3.86 0.79 
 0.43"
A  3.77 0.74 
 0.88"
B  3.06 0.55 
Object Material  0.0083   
 Nylon
A  3.45 0.75 
 Stainless-Steel
B  3.40 0.78 
Object Shape  0.5217   
 Circular
A  3.43 0.75 
 Hexagonal
A  3.43 0.78 
Interaction Effect Significance   
Object Height (in.)*Object Material <.0001   
Object Height (in.)*Glove Condition <.0001   
Object Height (in.)*Object Shape 0.6287   
Glove Condition*Object Material 0.6435   
Glove Condition*Object Shape 0.3122   
Object Material*Object Shape 0.4155   
Object Height (in.)*Glove Condition*Object Material 0.6057   
Object Height (in.)*Glove Condition*Object Shape 0.7494   
Object Height (in.)*Object Material*Object Shape 0.1560   
Glove Condition*Object Material*Object Shape 0.3500   
** Means that do not share same letter are significantly different from each other. 
  
Interaction effects of object height with object material (p<0.0001) and object height 
with glove condition (p<0.0001) were found to be statistically significant (Table 4-2). Figure 
4-4 shows the mean and 95% confidence interval of TP for all combinations of object height 
and object material. The throughput for 0.88" stainless-steel objects (2.99 bits/sec) was 
significantly different from 0.88" nylon objects (3.13 bits/sec). The throughputs of 0.28" and 





Figure 4-4: Mean and 95% Confidence Interval of Throughput for all combinations of Object Height 
and Object Material 
Figure 4-5 shows the mean and 95% confidence interval of TP for all combinations of 
object height and glove condition. The plot shows that the decrease in throughput for glove 




             * Means that do not share same letter are significantly different from each other. 
 
Figure 4-5: Mean and 95% Confidence Interval of Throughput for all combinations of Object 
Height*Glove Condition 
4.2.2 Recommended Object Attributes 
 
The ANOVA based three-way interaction effect of object height, object material and 
object shape on the throughput for different glove condition was statistically insignificant, 
suggesting that the object attributes (and their combination) were unable to clearly distinguish 
the glove conditions. A few two-way interaction effects were statistically significant, indicating 
that in some cases the mean throughput for barehand condition was different compared to 
gloved conditions. In order to identify the objects attributes (height, material and shape) that 
can best distinguish the different glove conditions, we performed additional analysis by 
carefully evaluating measures such as variance for object attributes, statistical p-values for 
main (and interaction) effect as well as results of pair-wise Tukey-HSD comparison test.  
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The variance for different experimental conditions tested in this study is shown in 
Figure 4-6. In general, a lower variance was observed for the conditions with the object height 
of 0.88" (plates 1 & 2) compared to the other object heights. To identify the object attributes 
with overall low variance which were able to generate significant effect of glove condition, the 
variance was summed (i.e., to obtain the true spread of the data about the individual means of 
the glove conditions) and compared with the corresponding p-values and the results of pair-
wise Tukey-HSD comparison test (Table 4-2). 
Using this information, cases IV, VI and VII do not distinguish between any glove 
conditions at all. Other cases, where Tukey HSD result is AAB or ABB or A A/B B, help in 
distinguishing barehand from glove type 1/ 2 conditions. In Table 4-3, these cases are sorted in 
the increasing order of the Total variance in TP. Cases with lower variance values perform 
better than the ones with higher variance values. Case III - Task plate 1 with SS-Circular objects 
was the best out of the available experimental conditions for distinguishing glove conditions 






Figure 4-6: Variance of different experimental conditions tested in this study 
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I 1 0.88 Nylon Circle 1.05 0.0014 A A/B B 
II 1 0.88 Nylon Hexagon 1.04 <0.0001 AAB 
III 1 0.88 SS Circle 0.79 0.0210 A A/B B 
IV 1 0.88 SS Hexagon 0.77 0.0404 AAA 
V 2 0.88 Nylon Circle 0.82 0.0224 A A/B B 
VI 2 0.88 Nylon Hexagon 0.99 0.0848 AAA 
VII 2 0.88 SS Circle 0.82 0.0829 AAA 
VIII 2 0.88 SS Hexagon 0.92 0.0011 ABB 
IX 3 0.43 Nylon Circle 1.67 0.0020 A A/B B 
X 3 0.43 Nylon Hexagon 1.83 0.0024 ABB 
XI 3 0.43 SS Circle 1.49 0.0106 A A/B B 
XII 3 0.43 SS Hexagon 1.70 0.0003 ABB 
XIII 4 0.28 Nylon Circle 1.60 0.0007 ABB 
XIV 4 0.28 Nylon Hexagon 1.83 <0.0001 ABB 
XV 4 0.28 SS Circle 2.05 <0.0001 ABB 
XVI 4 0.28 SS Hexagon 1.89 <0.0001 ABB 
 









Total variance in 
TP 
III 1 0.88 SS Circle 0.79 
V 2 0.88 Nylon Circle 0.82 
VIII 2 0.88 SS Hexagon 0.92 
II 1 0.88 Nylon Hexagon 1.04 
I 1 0.88 Nylon Circle 1.05 
XI 3 0.43 SS Circle 1.49 
XIII 4 0.28 Nylon Circle 1.6 
IX 3 0.43 Nylon Circle 1.67 
XII 3 0.43 SS Hexagon 1.7 
XIV 4 0.28 Nylon Hexagon 1.83 
X 3 0.43 Nylon Hexagon 1.83 
XVI 4 0.28 SS Hexagon 1.89 




 : Discussion and Conclusion 
 During industrial assembly or maintenance tasks, workers are often required to carry 
out the tasks with accuracy under time pressure. Gloves provide protection against hand 
injuries in the workplace, but they also increase task completion times and the number of errors. 
Thus, the workers are reluctant to wear safety gloves, and this leads to millions of hand injuries 
annually. Consequently, there is a decline in productivity and loss of millions of dollars in 
medical and compensation costs to the employer. The objective of this study was to develop 
new guidelines to estimate glove performance based on speed-accuracy trade-off. Using the 
ISO 9241-411 standard based on Fitts’ Law in 3-D physical world, throughput for different 
types of gloves was evaluated. Interaction effects between glove condition and object attributes 
of shape, height and material were studied. Object attributes that produced a significant effect 
on throughput were identified. The object attributes were ranked by combing different 
statistical measures to identify the attributes that can differentiate the glove conditions in terms 
of throughput. 
Movement time as a function of effective index of difficulty was plotted for different 
combinations of Object Material (Nylon/ SS) and Object Shape (Circular/ Hexagonal). The 
linear relationship was found to be the strongest for Nylon-Circular objects (r2 = 0.55). A 
further breakdown of plots for each glove condition showed that for barehand, the strongest 
relationship was found for Nylon Hexagonal objects (r2 = 0.42). For Glove Type 1, the 
strongest relationship was found for Nylon Circular objects (r2 = 0.67) and for Glove Type 2, 
the strongest relationship was found for Nylon Circular objects (r2 = 0.67). For application of 
Fitts’ Law in virtual environment, higher r2 values ranging from 0.82 to 0.98 have been found 
in literature [12, 15, 16]. Bootsma et al. [20] studied the effect of varying object dimensions 
and amplitude in manual prehension tasks using Fitts’ Law. The coefficient of determination 
between movement time and IDe was r2 = 0.68 and based on this value it was suggested that 
the speed-accuracy of Fitts’ Law holds good for complex prehension tasks as well. In our study, 
r2 values for some glove conditions, such as gloves types 1 and 2 are closer to this value.  
The slope of the least-squares regression line between ID and MT is called throughput. 
The throughput values are same for all values of ID (slope of line is independent of x values). 
This is true if there is a change in only task amplitude and target width in the study. In our 
study, object height is changing across the range of ID. In our study, same objects were used 
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for plates 1 and 2. However, object heights were different for plates 3 and 4. So, object heights 
varied across the plates. As is seen in ANOVA results, object height has a significant effect on 
throughput. This maybe another reason for lower r2 values. For barehand, the weaker 
relationship may be due to high variability between the subjects. This is expected as the 
barehand condition is the easiest for the participants to carry out the object transfer tasks. In 
gloved condition, the ability to maneuver objects is adversely affected. The range of index of 
difficulty in our study is from 3.06 to 5.43 bits and is narrower than the range of 4.25 to 7 bits 
used by Bootsma et al. [20]. In our study, the range of ID may not be sufficiently wide enough 
to distinguish the plates for barehand condition.  
 Throughput statistical analysis revealed that object height, object material and glove 
condition had a significant effect on throughput. Interaction effects of glove condition with 
object height and object height with object weight were found to be statistically significant. 
The experiment data rejects the null hypothesis that “Glove condition, object attributes (height, 
shape and weight) and their interaction will have no effect on throughput”. The mean 
throughput for the barehand was the highest (3.61 bits/sec) and it was significantly different 
from the two glove types tested in this study. The difference between mean throughput values 
of Glove Type 1 (3.36 bits/sec) and Glove Type 2 (3.31 bits/sec) was statistically insignificant. 
The performance time is expected to increase with glove thickness when the participants are 
asked to perform the tasks at their fastest speed [29]. However, the difference in throughput of 
Glove Type 1 and Glove Type 2 was very small. Both leather gloves had larger widths at 
fingertips, as is the case with most leather gloves. In Glove Type 1, leather bunches at the 
fingertips while grasping the objects. This posed additional unexpected constraint on the 
grasping abilities with this glove. In Glove Type 2, the sturdier TPR material made the glove 
less flexible and it did not bunch while grasping the objects (Figure 5-1). Therefore, despite 
having a difference in thickness, both gloves posed similar constraints on the grasping abilities. 
This maybe the reason that no significant difference in their performance was observed.  
 The mean throughput for nylon objects (3.45 bits/sec) was significantly higher than the 
mean throughput for stainless-steel objects (3.40 bits/sec). This is expected since lighter objects 
are easier to move and maneuver than heavier objects.  
The mean throughput for objects with height of 0.88" was the lowest (3.06 bits/sec) and 
was significantly different from the other two heights. However, there was no significant 
difference between object heights of 0.28" (3.86 bits/sec) and 0.43" (3.77 bits/sec). This is 
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because weights of 0.28" and 0.43" objects was very less in comparison to 0.88" objects. 
Although 0.88" objects were associated with lower accuracy constraints, the decrease in 
movement time was not enough. This may be explained due to additional time involved in 
grasping and moving the larger and heavier objects. Since object height had a significant effect 
on throughput, this may be another reason for a slightly poor fit between IDe and MT.  
                  
Figure 5-1: Comparison of gloves while lifting smallest 0.28" objects 
The mean throughput for 0.88" stainless-steel objects (2.99 bits/sec) was significantly 
lower than the 0.88" nylon weights (3.13 bits/sec), but there was no difference in TP for 0.28" 
and 0.43" objects due to difference in material. In the former case, there was a huge weight 
difference between object types. The weight of 0.88" stainless-steel object was 205 g while 
that of 0.88" nylon object was ~30 g. However, weights of 0.28" and 0.43" objects were low 
and similar to each other. Their throughput was higher than 0.88" objects, but they were not 
significantly different from each other. 
The interaction effect of glove condition with object height showed that for smaller 
height objects (0.28" and 0.43"), the mean throughput for barehand was significantly higher 
than the two glove types. However, there was little significant difference in throughput for 
0.88" height objects due to glove conditions. While picking up smaller objects, fingers came 
in contact with the task plate and the ability to lift the objects off the task plate was seriously 
affected with gloves. For larger objects, more surface of the object to be lifted was accessible 
to the fingers. Therefore, glove condition did not severely affect the throughput for larger 
objects as it did for smaller objects. 
43 
 
This is the first study which aims at determination of throughput of gloves and studies 
the effect of object attributes (material, shape and height) and its’ interaction with gloves. Most 
of the studies in literature have studied the effect of changing object dimensions on MT. In our 
study, with the change in object heights, width also changed. And MT is a function of target 
width as well. Therefore, in our study, it was difficult to make direct correlations of object 
height with movement time. McIntosh et al. [21] studied the impact of changing object 
dimensions in three directions on movement time. The study revealed that the time taken to 
grasp objects is inversely proportional to object height due to reduced accuracy constraints. 
Therefore, the movement time should decrease for larger objects. However, McIntosh et al. 
[21] has stated that the dimensional effects of the object on MT depends on grasping strategy 
of the fingers. In their study, objects were mounted in the air and they were grasped between 
finger and thumb, across the width. They stated that beyond object width of 4cm, there is a 
linear relationship between MT and object width. In our study, the object was approached along 
the reach axis and the hand grasped the object from the top using thumb, index finger and 
middle finger. Since we used cylindrical/ hexagonal objects and the fingers grasped the area 
around the diameter, it was difficult to ascertain independent effects of the two dimensions 
(one along the reach axis and the other orthogonal to reach axis). The object widths/diameter 
of 0.88” height objects were closer to this 4cm threshold (3.81 cm). Bootsma et al. [20] stated 
that the object size - the dimension of object orthogonal to reach axis, does not influence the 
movement time until it reaches the maximum size that can be grasped. After that size is reached, 
movement time increases with the object size. In the study by Bootsma et al. [20], range of 
object size was from 3cm to 9cm with linear effect between object size and MT visible only 
after 7cm size. In our study, object width had lower limits, from 1.27cm to 3.81cm. The high 
variation in hand/palm size and flexibility among participants may result in variation of results 
[20]. Therefore, for larger objects (taller in this study), reduced safety clearance between the 
fingers and object may have caused an incremental increase in MT, despite having lower 
accuracy constraints. Higher object weights of these objects may be another possible cause of 
lower throughput values. 
Finally, various statistical measures (variance, p-values, pair-wise Tukey-HSD 
comparison) were used to identify the objects attributes (height, material and shape) that can 
best distinguish the different glove conditions. It was found that a task plate with an amplitude 
of 11" with SS-Circular objects performed the best for distinguishing glove conditions based 
on speed-accuracy trade-off. 
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5.1 Study Limitations 
 
In this study, the participants were asked to perform simple object transfer tasks for a 
small range of index of difficulty. But in practice, the workers perform a wide range of tasks 
of varying difficulty and different object weight/ size. The range of ID used in this study was 
3.06 to 5.43. To get higher ID, either task amplitude can be increased, or object width can be 
reduced. The task amplitude cannot be exceeded beyond 21" as it will go beyond the 
comfortable reaching envelope of the human arm. Furthermore, in this study the length of the 
digitizer arm also posed additional constraint on the task amplitude. The object size could not 
be reduced below 0.5" as such dimensions may not be practically relevant. To get lower ID, 
task amplitude can be decreased along with an  increase in the object width. But such 
arrangement will put the objects in close proximity with respect to each other leaving 
insufficient space around the objects for grasping. In virtual environment, only clicking is 
involved and so it is possible to have larger and wider range of IDs. But, in 3-D physical world, 
the application of ISO 9241-411 standard is restricted to the narrow range of IDs. The narrower 
range of IDs is perhaps one of the reasons for not seeing a stronger relationship between MT 
and IDe which restricted the spread of data points. 
The gloves used in this study were expected to impose different levels of constraint 
during object transfer tasks due to different levels of thickness. However, while carrying out 
the tasks, the structure of Glove Type 1 changed, and it resulted in similar constraint as Glove 
Type 2. This is a probable reason that we did not see any difference in their throughput values. 
The shapes and material of objects used in this study are the most commonly used in industrial 
operations. However, it was difficult to replicate exact operation/ objects used in an industrial 
process. Finally, the COVID-19 pandemic significantly affected the participant recruitment 
efforts resulting in unequal number of men (12) and women (3) participants. It was originally 
intended to have equal number of male and female participants.  
5.2 Practical Implications 
 
This study showed that glove condition, physical attributes of objects used during 
industrial tasks and their interaction influence speed accuracy trade-off. ISO 9241-411 standard 
can be used in the 3-D physical world to compare barehanded exertions with gloved exertions 
based on speed-accuracy trade-off. Based on this study, task amplitude of 11" with target width 
of 1.5", and stainless-steel object with a circular shape and 0.88" height, can be used to compare 
barehanded exertions with gloved exertions. Selection of high-performance gloves will reduce 
45 
 
operation time/ reduce the number of errors. In addition to safety standards available for the 
glove selection process, employers can also conduct speed-accuracy trade-off analysis to 
improve overall productivity of workers. The gloves tested in this study did not impose 
increasing levels of constraints based on the assumptions of thickness and additional padding. 
Therefore, it cannot be said conclusively that the standard can be used for comparing different 
gloves. Future studies should consider careful selection of gloves such that they impose 
different levels of constraints on the task performance. 
5.3 Final Conclusions 
 
In conclusion, the data from this study seem to indicate that ISO 9241-411 standard can 
be used in the 3-D physical environment to compare barehanded exertions with gloved 
exertions. Barehanded exertions were found to be different when compared with gloved 
exertions under various object attributes such as height, material and shape. On the other hand, 
the gloved conditions were found not to be different from each other when compared using the 
ISO 9241-411 standard. A “limited range of IDs (3-5.4)” was found to be one of the limiting 
factors with the implementation of ISO 9241-411 standard in the 3D physical environment. 
Such a limited range of IDs restricted the spread of data points which further affected the 
relationship between the MT and IDs. Furthermore, the gloves tested in this study (although 
intended to be quite different from each other due to incremental thickness and padding) 
imposed quite similar levels of constraints for very reasons. Thus, based on the data from this 
study it cannot be conclusively stated that the ISO 9241-411 standard can be used in the 3-D 
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Appendix I: Anthropometric Measurements Of Participants 
Participant Age (years) Weight (pounds) Height (feet) KnuckleWidth 
(inches) 
1 26 135 5.4 3.5 
2 25 165 6.0 3.5 
3 24 156 5.7 3 
4 23 117 5.3 3 
5 32 136 5.6 3.25 
6 23 150 5.6 3 
7 29 120 5.2 2.7 
8 30 115 5.0 2.3 
9 25 150 5.8 3.2 
10 29 123 5.3 3.3 
11 29 120 5.5 3.4 
12 24 119 5.6 3.45 
13 29 165 5.9 3.5 
14 34 198 6.0 3.6 






























Appendix III: Glove Sizing Charts 
 
Glove Sizing Chart For Glove Type 1 
 
Glove Sizing Chat For Glove Type 2 
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Appendix IV: Test for normality and equality of variance of throughput 
 
 
Normal quantile plot of conditional residuals of throughput 
 
Goodness of fit test showing that the data is from a normal distribution 
 
Tests for equality of variance 
Test F Ratio DFNum DFDen Prob > F 
O'Brien[.5] 1.6003 35 667 0.0166 
Levene 1.5116 35 667 0.0311 



















ID IDe MT Normalized 
MT 
TP 
1 1 0.88 Barehand Nylon Circular 3.06 3.05 0.89 0.57 3.46 
1 1 0.88 Barehand Nylon Hexagonal 3.06 3.04 0.89 0.57 3.45 
1 1 0.88 Barehand SS Circular 3.06 3.06 1.00 0.64 3.06 
1 1 0.88 Barehand SS Hexagonal 3.06 3.06 0.94 0.61 3.26 
1 1 0.88 Glove Type 1 Nylon Circular 3.06 3.06 0.94 0.61 3.26 
1 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.05 0.94 0.61 3.26 
1 1 0.88 Glove Type 1 SS Circular 3.06 3.05 0.94 0.61 3.25 
1 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 1.00 0.64 3.06 
1 1 0.88 Glove Type 2 Nylon Circular 3.06 3.05 0.94 0.61 3.25 
1 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.04 1.00 0.64 3.04 
1 1 0.88 Glove Type 2 SS Circular 3.06 3.06 1.06 0.68 2.91 
1 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 1.00 0.64 3.12 
1 2 0.88 Barehand Nylon Circular 3.54 3.55 1.00 0.64 3.55 
1 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.06 0.68 3.37 
1 2 0.88 Barehand SS Circular 3.54 3.55 1.06 0.68 3.38 
1 2 0.88 Barehand SS Hexagonal 3.54 3.55 1.00 0.64 3.55 
1 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.11 0.71 3.20 
1 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 0.94 0.61 3.77 
1 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.00 0.64 3.54 
1 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.55 1.11 0.71 3.21 
1 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.00 0.64 3.54 
1 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.06 0.68 3.37 
1 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.06 0.68 3.37 
1 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.55 1.06 0.68 3.38 
1 3 0.43 Barehand Nylon Circular 4.39 4.39 1.11 0.71 3.98 
1 3 0.43 Barehand Nylon Hexagonal 4.39 4.40 1.11 0.71 3.98 
1 3 0.43 Barehand SS Circular 4.39 4.40 1.17 0.75 3.77 
1 3 0.43 Barehand SS Hexagonal 4.39 4.40 1.00 0.64 4.48 
1 3 0.43 Glove Type 1 Nylon Circular 4.39 4.39 1.00 0.64 4.39 
1 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.39 1.06 0.68 4.19 
1 3 0.43 Glove Type 1 SS Circular 4.39 4.39 1.11 0.71 3.97 
1 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.39 1.00 0.64 4.39 
1 3 0.43 Glove Type 2 Nylon Circular 4.39 4.38 1.17 0.75 3.75 
1 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.39 1.17 0.75 3.77 
1 3 0.43 Glove Type 2 SS Circular 4.39 4.39 1.11 0.71 3.97 
1 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.39 1.17 0.75 3.76 
1 4 0.28 Barehand Nylon Circular 5.43 5.42 1.33 0.86 4.13 













ID IDe MT Normalized 
MT 
TP 
1 4 0.28 Barehand SS Circular 5.43 5.42 1.33 0.86 4.06 
1 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.39 0.89 3.84 
1 4 0.28 Glove Type 1 Nylon Circular 5.43 5.41 1.33 0.86 3.84 
1 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.39 0.89 3.84 
1 4 0.28 Glove Type 1 SS Circular 5.43 5.41 1.44 0.93 3.61 
1 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.41 1.50 0.96 3.61 
1 4 0.28 Glove Type 2 Nylon Circular 5.43 5.41 1.56 1.00 3.52 
1 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.41 1.39 0.89 3.61 
1 4 0.28 Glove Type 2 SS Circular 5.43 5.41 1.44 0.93 3.83 
1 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.41 1.44 0.93 3.61 
2 1 0.88 Barehand Nylon Circular 3.06 3.01 0.70 0.66 4.30 
2 1 0.88 Barehand Nylon Hexagonal 3.06 3.00 0.66 0.62 4.54 
2 1 0.88 Barehand SS Circular 3.06 3.03 0.75 0.71 4.02 
2 1 0.88 Barehand SS Hexagonal 3.06 3.04 0.79 0.74 3.88 
2 1 0.88 Glove Type 1 Nylon Circular 3.06 3.00 0.74 0.70 4.09 
2 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.02 0.68 0.64 4.48 
2 1 0.88 Glove Type 1 SS Circular 3.06 3.01 0.76 0.72 3.96 
2 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.01 0.82 0.77 3.69 
2 1 0.88 Glove Type 2 Nylon Circular 3.06 3.03 0.71 0.67 4.28 
2 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.01 0.80 0.75 3.78 
2 1 0.88 Glove Type 2 SS Circular 3.06 3.04 0.82 0.77 3.75 
2 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.02 0.73 0.69 4.13 
2 2 0.88 Barehand Nylon Circular 3.54 3.52 0.83 0.78 4.25 
2 2 0.88 Barehand Nylon Hexagonal 3.54 3.50 0.80 0.75 4.40 
2 2 0.88 Barehand SS Circular 3.54 3.55 0.80 0.76 4.42 
2 2 0.88 Barehand SS Hexagonal 3.54 3.53 0.76 0.71 4.67 
2 2 0.88 Glove Type 1 Nylon Circular 3.54 3.50 0.83 0.78 4.21 
2 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.49 0.73 0.68 4.81 
2 2 0.88 Glove Type 1 SS Circular 3.54 3.50 0.80 0.75 4.37 
2 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.49 0.86 0.81 4.07 
2 2 0.88 Glove Type 2 Nylon Circular 3.54 3.50 0.81 0.76 4.34 
2 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.52 0.77 0.73 4.57 
2 2 0.88 Glove Type 2 SS Circular 3.54 3.53 0.86 0.81 4.11 
2 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.53 0.80 0.75 4.42 
2 3 0.43 Barehand Nylon Circular 4.39 4.39 0.94 0.88 4.74 
2 3 0.43 Barehand Nylon Hexagonal 4.39 4.39 0.89 0.84 4.96 
2 3 0.43 Barehand SS Circular 4.39 4.39 0.95 0.89 4.69 
2 3 0.43 Barehand SS Hexagonal 4.39 4.38 0.96 0.90 4.61 
2 3 0.43 Glove Type 1 Nylon Circular 4.39 4.38 0.83 0.78 4.60 
2 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.38 0.92 0.87 4.76 













ID IDe MT Normalized 
MT 
TP 
2 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.38 0.88 0.83 5.03 
2 3 0.43 Glove Type 2 Nylon Circular 4.39 4.39 0.95 0.89 4.64 
2 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.39 0.91 0.85 4.85 
2 3 0.43 Glove Type 2 SS Circular 4.39 4.39 0.89 0.84 4.94 
2 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.39 0.92 0.87 4.78 
2 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 0.93 0.87 5.89 
2 4 0.28 Barehand SS Circular 5.43 5.42 0.89 0.83 6.11 
2 4 0.28 Barehand SS Hexagonal 5.43 5.42 0.94 0.88 5.87 
2 4 0.28 Glove Type 1 Nylon Circular 5.43 5.41 0.98 0.93 5.55 
2 4 0.28 Glove Type 1 SS Circular 5.43 5.42 0.96 0.90 5.45 
2 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.06 1.00 5.02 
2 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.02 0.96 4.64 
2 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.02 0.96 5.31 
2 4 0.28 Glove Type 2 SS Circular 5.43 5.42 0.98 0.92 5.44 
2 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.03 0.97 5.27 
3 1 0.88 Barehand Nylon Circular 3.06 3.04 0.99 0.68 3.11 
3 1 0.88 Barehand Nylon Hexagonal 3.06 3.04 0.93 0.64 3.27 
3 1 0.88 Barehand SS Circular 3.06 3.05 1.01 0.70 3.01 
3 1 0.88 Barehand SS Hexagonal 3.06 3.04 1.00 0.69 3.04 
3 1 0.88 Glove Type 1 Nylon Circular 3.06 3.04 1.02 0.70 3.00 
3 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.05 1.06 0.73 2.89 
3 1 0.88 Glove Type 1 SS Circular 3.06 3.04 1.03 0.71 2.97 
3 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.04 1.06 0.73 2.88 
3 1 0.88 Glove Type 2 Nylon Circular 3.06 3.04 0.97 0.67 3.13 
3 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.04 0.99 0.68 3.10 
3 1 0.88 Glove Type 2 SS Circular 3.06 3.04 1.06 0.73 2.89 
3 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.04 1.03 0.71 2.96 
3 2 0.88 Barehand Nylon Circular 3.54 3.53 1.03 0.71 3.43 
3 2 0.88 Barehand Nylon Hexagonal 3.54 3.53 1.03 0.71 3.44 
3 2 0.88 Barehand SS Circular 3.54 3.54 1.07 0.74 3.31 
3 2 0.88 Barehand SS Hexagonal 3.54 3.53 1.03 0.71 3.46 
3 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 1.10 0.76 3.22 
3 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.53 1.17 0.81 3.03 
3 2 0.88 Glove Type 1 SS Circular 3.54 3.53 1.10 0.76 3.22 
3 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.53 1.14 0.79 3.15 
3 2 0.88 Glove Type 2 Nylon Circular 3.54 3.53 1.07 0.74 3.32 
3 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.07 0.74 3.31 
3 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.08 0.75 3.26 
3 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.11 0.77 3.18 
3 3 0.43 Barehand Nylon Circular 4.39 4.38 1.22 0.85 3.60 













ID IDe MT Normalized 
MT 
TP 
3 3 0.43 Barehand SS Circular 4.39 4.39 1.17 0.81 3.76 
3 3 0.43 Barehand SS Hexagonal 4.39 4.39 1.14 0.79 3.87 
3 3 0.43 Glove Type 1 Nylon Circular 4.39 4.39 1.21 0.84 3.65 
3 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.38 1.35 0.93 3.30 
3 3 0.43 Glove Type 1 SS Circular 4.39 4.38 1.26 0.87 3.49 
3 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.38 1.26 0.88 3.48 
3 3 0.43 Glove Type 2 Nylon Circular 4.39 4.39 1.25 0.86 3.52 
3 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.39 1.18 0.82 3.72 
3 3 0.43 Glove Type 2 SS Circular 4.39 4.38 1.20 0.83 3.67 
3 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.39 1.22 0.85 3.59 
3 4 0.28 Barehand Nylon Circular 5.43 5.42 1.39 0.96 3.91 
3 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.33 0.92 4.07 
3 4 0.28 Barehand SS Circular 5.43 5.42 1.33 0.92 4.09 
3 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.28 0.89 4.24 
3 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.44 1.00 3.72 
3 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.36 0.94 3.88 
3 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.31 0.91 4.15 
3 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.44 1.00 3.77 
3 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.31 0.91 4.13 
3 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.38 0.95 3.93 
3 4 0.28 Glove Type 2 SS Circular 5.43 5.42 1.40 0.97 3.88 
3 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.41 0.98 3.85 
4 1 0.88 Barehand Nylon Circular 3.06 3.06 0.75 0.51 4.11 
4 1 0.88 Barehand Nylon Hexagonal 3.06 3.06 0.79 0.54 3.87 
4 1 0.88 Barehand SS Circular 3.06 3.07 0.82 0.56 3.75 
4 1 0.88 Barehand SS Hexagonal 3.06 3.07 0.90 0.62 3.41 
4 1 0.88 Glove Type 1 Nylon Circular 3.06 3.04 0.79 0.54 3.85 
4 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.04 0.72 0.50 4.21 
4 1 0.88 Glove Type 1 SS Circular 3.06 3.06 0.88 0.60 3.50 
4 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 0.88 0.60 3.49 
4 1 0.88 Glove Type 2 Nylon Circular 3.06 3.06 0.81 0.55 3.80 
4 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.05 0.87 0.60 3.49 
4 1 0.88 Glove Type 2 SS Circular 3.06 3.06 0.85 0.58 3.63 
4 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.05 0.86 0.59 3.55 
4 2 0.88 Barehand Nylon Circular 3.54 3.54 0.99 0.68 3.63 
4 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 0.99 0.68 3.61 
4 2 0.88 Barehand SS Circular 3.54 3.54 1.08 0.74 3.27 
4 2 0.88 Barehand SS Hexagonal 3.54 3.54 1.05 0.72 3.40 
4 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 1.01 0.70 3.52 
4 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.53 0.93 0.64 3.82 













ID IDe MT Normalized 
MT 
TP 
4 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.53 1.07 0.73 3.31 
4 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 0.92 0.63 3.87 
4 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.53 0.97 0.67 3.64 
4 2 0.88 Glove Type 2 SS Circular 3.54 3.53 1.03 0.71 3.48 
4 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.53 1.07 0.73 3.30 
4 3 0.43 Barehand Nylon Circular 4.39 4.39 0.90 0.62 4.86 
4 3 0.43 Barehand Nylon Hexagonal 4.39 4.38 0.87 0.60 5.01 
4 3 0.43 Barehand SS Circular 4.39 4.38 0.92 0.63 4.79 
4 3 0.43 Barehand SS Hexagonal 4.39 4.38 0.86 0.59 5.16 
4 3 0.43 Glove Type 1 Nylon Circular 4.39 4.37 0.84 0.57 5.23 
4 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.37 0.85 0.58 5.18 
4 3 0.43 Glove Type 1 SS Circular 4.39 4.37 0.85 0.59 4.99 
4 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.37 0.91 0.62 4.86 
4 3 0.43 Glove Type 2 Nylon Circular 4.39 4.37 0.88 0.60 4.99 
4 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.36 0.87 0.60 4.99 
4 3 0.43 Glove Type 2 SS Circular 4.39 4.36 0.93 0.64 4.76 
4 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.35 0.90 0.62 4.89 
4 4 0.28 Barehand Nylon Circular 5.43 5.43 1.16 0.80 4.67 
4 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.22 0.84 4.48 
4 4 0.28 Barehand SS Circular 5.43 5.42 1.19 0.82 4.55 
4 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.12 0.77 4.84 
4 4 0.28 Glove Type 1 Nylon Circular 5.43 5.41 1.46 1.00 3.71 
4 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.41 1.25 0.86 4.33 
4 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.41 1.25 0.86 4.33 
4 4 0.28 Glove Type 2 Nylon Circular 5.43 5.40 1.21 0.83 4.46 
4 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.41 1.21 0.83 4.48 
4 4 0.28 Glove Type 2 SS Circular 5.43 5.41 1.25 0.86 4.33 
4 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.41 1.22 0.84 4.47 
5 1 0.88 Barehand Nylon Circular 3.06 3.06 0.83 0.77 3.70 
5 1 0.88 Barehand Nylon Hexagonal 3.06 3.07 0.92 0.85 3.38 
5 1 0.88 Barehand SS Circular 3.06 3.06 0.89 0.82 3.48 
5 1 0.88 Barehand SS Hexagonal 3.06 3.06 0.93 0.86 3.29 
5 1 0.88 Glove Type 1 Nylon Circular 3.06 3.05 0.81 0.75 3.76 
5 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.06 0.87 0.81 3.50 
5 1 0.88 Glove Type 1 SS Circular 3.06 3.06 0.89 0.82 3.45 
5 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.05 0.89 0.82 3.44 
5 1 0.88 Glove Type 2 Nylon Circular 3.06 3.06 0.92 0.85 3.35 
5 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.05 0.96 0.89 3.20 
5 1 0.88 Glove Type 2 SS Circular 3.06 3.06 0.92 0.85 3.36 
5 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 0.96 0.89 3.20 













ID IDe MT Normalized 
MT 
TP 
5 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 0.96 0.89 3.69 
5 2 0.88 Barehand SS Circular 3.54 3.54 0.99 0.91 3.61 
5 2 0.88 Barehand SS Hexagonal 3.54 3.54 0.97 0.90 3.65 
5 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 0.96 0.89 3.70 
5 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.53 0.92 0.85 3.88 
5 2 0.88 Glove Type 1 SS Circular 3.54 3.54 0.99 0.91 3.59 
5 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 0.96 0.88 3.71 
5 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 0.94 0.87 3.78 
5 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 0.92 0.85 3.86 
5 2 0.88 Glove Type 2 SS Circular 3.54 3.54 0.94 0.87 3.75 
5 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.03 0.95 3.44 
5 3 0.43 Barehand Nylon Circular 4.39 4.39 0.96 0.89 4.60 
5 3 0.43 Barehand Nylon Hexagonal 4.39 4.39 0.93 0.86 4.74 
5 3 0.43 Barehand SS Circular 4.39 4.39 0.99 0.91 4.46 
5 3 0.43 Barehand SS Hexagonal 4.39 4.39 0.97 0.90 4.60 
5 3 0.43 Glove Type 1 Nylon Circular 4.39 4.39 0.88 0.81 5.03 
5 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.39 0.88 0.81 5.02 
5 3 0.43 Glove Type 1 SS Circular 4.39 4.38 0.89 0.82 4.94 
5 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.38 0.88 0.81 5.01 
5 3 0.43 Glove Type 2 Nylon Circular 4.39 4.39 0.92 0.85 4.79 
5 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.39 0.90 0.83 4.88 
5 3 0.43 Glove Type 2 SS Circular 4.39 4.38 0.97 0.90 4.51 
5 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.39 0.90 0.83 4.86 
5 4 0.28 Barehand Nylon Circular 5.43 5.43 1.04 0.96 5.30 
5 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.01 0.93 5.38 
5 4 0.28 Barehand SS Circular 5.43 5.43 1.00 0.92 5.32 
5 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.05 0.97 5.16 
5 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.08 1.00 5.00 
5 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.00 0.92 5.21 
5 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.07 0.99 5.01 
5 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.06 0.98 5.14 
5 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.04 0.96 5.22 
5 4 0.28 Glove Type 2 SS Circular 5.43 5.42 1.06 0.98 5.14 
5 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.04 0.96 5.21 
6 1 0.88 Barehand Nylon Circular 3.06 3.05 0.86 0.64 3.54 
6 1 0.88 Barehand Nylon Hexagonal 3.06 3.06 0.87 0.65 3.50 
6 1 0.88 Barehand SS Circular 3.06 3.05 0.93 0.69 3.28 
6 1 0.88 Barehand SS Hexagonal 3.06 3.05 0.89 0.66 3.42 
6 1 0.88 Glove Type 1 Nylon Circular 3.06 3.04 0.89 0.66 3.45 
6 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.04 0.92 0.68 3.33 













ID IDe MT Normalized 
MT 
TP 
6 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.05 0.93 0.69 3.29 
6 1 0.88 Glove Type 2 Nylon Circular 3.06 3.05 0.89 0.66 3.44 
6 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.06 0.90 0.67 3.40 
6 1 0.88 Glove Type 2 SS Circular 3.06 3.05 0.88 0.65 3.47 
6 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 0.90 0.66 3.43 
6 2 0.88 Barehand Nylon Circular 3.54 3.54 0.99 0.73 3.60 
6 2 0.88 Barehand Nylon Hexagonal 3.54 3.55 1.07 0.79 3.32 
6 2 0.88 Barehand SS Circular 3.54 3.55 1.06 0.78 3.37 
6 2 0.88 Barehand SS Hexagonal 3.54 3.55 1.06 0.78 3.37 
6 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 1.03 0.76 3.44 
6 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 1.10 0.81 3.22 
6 2 0.88 Glove Type 1 SS Circular 3.54 3.53 1.10 0.81 3.23 
6 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 1.13 0.83 3.15 
6 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.06 0.78 3.37 
6 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.04 0.77 3.40 
6 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.07 0.79 3.31 
6 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.12 0.83 3.17 
6 3 0.43 Barehand Nylon Circular 4.39 4.38 1.00 0.74 4.39 
6 3 0.43 Barehand Nylon Hexagonal 4.39 4.38 1.01 0.75 4.33 
6 3 0.43 Barehand SS Circular 4.39 4.38 1.11 0.82 4.00 
6 3 0.43 Barehand SS Hexagonal 4.39 4.38 1.10 0.81 4.11 
6 3 0.43 Glove Type 1 Nylon Circular 4.39 4.38 1.08 0.80 4.04 
6 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.38 1.08 0.80 4.04 
6 3 0.43 Glove Type 1 SS Circular 4.39 4.38 1.10 0.81 4.01 
6 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.38 1.10 0.82 3.98 
6 3 0.43 Glove Type 2 Nylon Circular 4.39 4.38 1.08 0.80 4.05 
6 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.38 1.18 0.88 3.72 
6 3 0.43 Glove Type 2 SS Circular 4.39 4.38 1.08 0.80 4.06 
6 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.38 1.12 0.83 3.90 
6 4 0.28 Barehand Nylon Circular 5.43 5.42 1.28 0.95 4.25 
6 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.35 1.00 4.03 
6 4 0.28 Barehand SS Circular 5.43 5.42 1.28 0.95 4.24 
6 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.29 0.96 4.20 
6 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.29 0.96 4.21 
6 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.41 1.28 0.95 4.24 
6 4 0.28 Glove Type 1 SS Circular 5.43 5.41 1.35 1.00 4.02 
6 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.41 1.25 0.93 4.34 
6 4 0.28 Glove Type 2 Nylon Circular 5.43 5.41 1.33 0.99 4.09 
6 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.41 1.31 0.97 4.16 
6 4 0.28 Glove Type 2 SS Circular 5.43 5.41 1.25 0.93 4.33 













ID IDe MT Normalized 
MT 
TP 
7 1 0.88 Barehand Nylon Circular 3.06 3.03 1.04 0.53 2.91 
7 1 0.88 Barehand Nylon Hexagonal 3.06 3.04 1.12 0.57 2.73 
7 1 0.88 Barehand SS Circular 3.06 3.04 1.15 0.58 2.65 
7 1 0.88 Barehand SS Hexagonal 3.06 3.04 1.08 0.55 2.81 
7 1 0.88 Glove Type 1 Nylon Circular 3.06 3.03 1.22 0.62 2.49 
7 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.03 1.15 0.59 2.63 
7 1 0.88 Glove Type 1 SS Circular 3.06 3.04 1.22 0.62 2.49 
7 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.03 1.23 0.62 2.47 
7 1 0.88 Glove Type 2 Nylon Circular 3.06 3.04 1.24 0.63 2.46 
7 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.04 1.29 0.66 2.36 
7 1 0.88 Glove Type 2 SS Circular 3.06 3.04 1.26 0.64 2.41 
7 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.04 1.31 0.66 2.33 
7 2 0.88 Barehand Nylon Circular 3.54 3.55 1.24 0.63 2.87 
7 2 0.88 Barehand Nylon Hexagonal 3.54 3.55 1.14 0.58 3.12 
7 2 0.88 Barehand SS Circular 3.54 3.55 1.21 0.62 2.94 
7 2 0.88 Barehand SS Hexagonal 3.54 3.55 1.26 0.64 2.82 
7 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.28 0.65 2.79 
7 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 1.30 0.66 2.73 
7 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.32 0.67 2.69 
7 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 1.29 0.66 2.74 
7 2 0.88 Glove Type 2 Nylon Circular 3.54 3.55 1.37 0.70 2.60 
7 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.55 1.39 0.71 2.56 
7 2 0.88 Glove Type 2 SS Circular 3.54 3.55 1.47 0.75 2.41 
7 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.55 1.57 0.80 2.27 
7 3 0.43 Barehand Nylon Circular 4.39 4.39 1.00 0.51 4.39 
7 3 0.43 Barehand Nylon Hexagonal 4.39 4.39 1.04 0.53 4.21 
7 3 0.43 Barehand SS Circular 4.39 4.39 1.08 0.55 4.06 
7 3 0.43 Barehand SS Hexagonal 4.39 4.39 1.03 0.52 4.28 
7 3 0.43 Glove Type 1 Nylon Circular 4.39 4.38 1.32 0.67 3.34 
7 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.39 1.54 0.79 2.85 
7 3 0.43 Glove Type 1 SS Circular 4.39 4.39 1.45 0.74 3.07 
7 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.39 1.39 0.71 3.20 
7 3 0.43 Glove Type 2 Nylon Circular 4.39 4.39 1.59 0.81 2.78 
7 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.38 1.49 0.76 2.95 
7 3 0.43 Glove Type 2 SS Circular 4.39 4.38 1.62 0.82 2.72 
7 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.38 1.49 0.76 2.97 
7 4 0.28 Barehand Nylon Circular 5.43 5.42 1.39 0.71 3.91 
7 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.36 0.69 3.98 
7 4 0.28 Barehand SS Circular 5.43 5.42 1.39 0.71 3.91 
7 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.31 0.67 4.15 













ID IDe MT Normalized 
MT 
TP 
7 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.93 0.98 2.85 
7 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.78 0.91 3.07 
7 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.82 0.93 2.99 
7 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.76 0.90 3.09 
7 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.81 0.92 3.02 
7 4 0.28 Glove Type 2 SS Circular 5.43 5.41 1.79 0.91 3.02 
7 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.41 1.91 0.97 2.87 
8 1 0.88 Barehand Nylon Circular 3.06 3.07 0.98 0.45 3.13 
8 1 0.88 Barehand Nylon Hexagonal 3.06 3.06 0.93 0.43 3.29 
8 1 0.88 Barehand SS Circular 3.06 3.07 1.02 0.47 3.03 
8 1 0.88 Barehand SS Hexagonal 3.06 3.07 1.14 0.53 2.70 
8 1 0.88 Glove Type 1 Nylon Circular 3.06 3.06 1.03 0.47 2.99 
8 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.07 1.10 0.51 2.80 
8 1 0.88 Glove Type 1 SS Circular 3.06 3.06 1.11 0.51 2.76 
8 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.07 1.10 0.51 2.79 
8 1 0.88 Glove Type 2 Nylon Circular 3.06 3.06 1.34 0.62 2.34 
8 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.06 1.31 0.60 2.35 
8 1 0.88 Glove Type 2 SS Circular 3.06 3.07 1.26 0.58 2.43 
8 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.08 1.32 0.61 2.34 
8 2 0.88 Barehand Nylon Circular 3.54 3.53 1.14 0.52 3.12 
8 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.11 0.51 3.19 
8 2 0.88 Barehand SS Circular 3.54 3.54 1.20 0.55 2.97 
8 2 0.88 Barehand SS Hexagonal 3.54 3.54 1.24 0.57 2.88 
8 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.19 0.55 2.96 
8 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 1.23 0.57 2.87 
8 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.29 0.60 2.75 
8 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.55 1.35 0.62 2.63 
8 2 0.88 Glove Type 2 Nylon Circular 3.54 3.55 1.29 0.60 2.75 
8 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.56 1.38 0.64 2.59 
8 2 0.88 Glove Type 2 SS Circular 3.54 3.55 1.32 0.61 2.70 
8 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.55 1.49 0.69 2.40 
8 3 0.43 Barehand Nylon Circular 4.39 4.40 1.11 0.51 3.97 
8 3 0.43 Barehand Nylon Hexagonal 4.39 4.39 1.18 0.54 3.73 
8 3 0.43 Barehand SS Circular 4.39 4.40 1.10 0.51 4.00 
8 3 0.43 Barehand SS Hexagonal 4.39 4.40 1.10 0.51 4.01 
8 3 0.43 Glove Type 1 Nylon Circular 4.39 4.39 1.49 0.69 2.96 
8 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.39 1.49 0.69 2.97 
8 3 0.43 Glove Type 1 SS Circular 4.39 4.39 1.55 0.71 2.86 
8 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.39 1.57 0.72 2.80 
8 3 0.43 Glove Type 2 Nylon Circular 4.39 4.40 1.76 0.81 2.53 













ID IDe MT Normalized 
MT 
TP 
8 3 0.43 Glove Type 2 SS Circular 4.39 4.39 1.57 0.72 2.80 
8 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.39 1.64 0.76 2.70 
8 4 0.28 Barehand Nylon Circular 5.43 5.42 1.54 0.71 3.43 
8 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.52 0.70 3.56 
8 4 0.28 Barehand SS Circular 5.43 5.42 1.56 0.72 3.49 
8 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.57 0.72 3.46 
8 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.95 0.90 2.75 
8 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 2.17 1.00 2.52 
8 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.81 0.83 3.00 
8 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.92 0.88 2.83 
8 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.88 0.86 2.91 
8 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.43 1.86 0.86 2.92 
8 4 0.28 Glove Type 2 SS Circular 5.43 5.43 1.92 0.88 2.77 
8 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.43 1.83 0.85 2.99 
9 1 0.88 Barehand Nylon Circular 3.06 3.06 1.26 0.55 2.42 
9 1 0.88 Barehand Nylon Hexagonal 3.06 3.06 1.27 0.55 2.42 
9 1 0.88 Barehand SS Circular 3.06 3.06 1.31 0.57 2.33 
9 1 0.88 Barehand SS Hexagonal 3.06 3.05 1.31 0.57 2.35 
9 1 0.88 Glove Type 1 Nylon Circular 3.06 3.06 1.35 0.59 2.28 
9 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.06 1.29 0.56 2.37 
9 1 0.88 Glove Type 1 SS Circular 3.06 3.05 1.33 0.58 2.31 
9 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 1.37 0.60 2.23 
9 1 0.88 Glove Type 2 Nylon Circular 3.06 3.05 1.35 0.59 2.27 
9 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.06 1.39 0.61 2.21 
9 1 0.88 Glove Type 2 SS Circular 3.06 3.06 1.36 0.59 2.25 
9 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 1.31 0.57 2.33 
9 2 0.88 Barehand Nylon Circular 3.54 3.54 1.21 0.53 2.93 
9 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.27 0.56 2.79 
9 2 0.88 Barehand SS Circular 3.54 3.54 1.31 0.57 2.72 
9 2 0.88 Barehand SS Hexagonal 3.54 3.54 1.32 0.58 2.68 
9 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.68 0.73 2.16 
9 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 1.57 0.68 2.29 
9 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.55 0.68 2.29 
9 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 1.64 0.72 2.20 
9 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.42 0.62 2.50 
9 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.42 0.62 2.51 
9 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.49 0.65 2.38 
9 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.46 0.64 2.43 
9 3 0.43 Barehand Nylon Circular 4.39 4.38 1.41 0.62 3.11 
9 3 0.43 Barehand Nylon Hexagonal 4.39 4.38 1.47 0.64 2.98 













ID IDe MT Normalized 
MT 
TP 
9 3 0.43 Barehand SS Hexagonal 4.39 4.38 1.45 0.63 3.04 
9 3 0.43 Glove Type 1 Nylon Circular 4.39 4.38 1.70 0.74 2.57 
9 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.38 1.63 0.71 2.70 
9 3 0.43 Glove Type 1 SS Circular 4.39 4.38 1.67 0.73 2.63 
9 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.37 1.65 0.72 2.65 
9 3 0.43 Glove Type 2 Nylon Circular 4.39 4.38 1.64 0.71 2.68 
9 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.37 1.58 0.69 2.76 
9 3 0.43 Glove Type 2 SS Circular 4.39 4.38 1.56 0.68 2.81 
9 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.38 1.53 0.67 2.86 
9 4 0.28 Barehand Nylon Circular 5.43 5.42 1.69 0.74 3.21 
9 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.72 0.75 3.15 
9 4 0.28 Barehand SS Circular 5.43 5.42 1.71 0.75 3.18 
9 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.74 0.76 3.15 
9 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 2.25 0.98 2.41 
9 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 2.21 0.97 2.45 
9 4 0.28 Glove Type 1 SS Circular 5.43 5.42 2.17 0.95 2.50 
9 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 2.29 1.00 2.38 
9 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 2.08 0.91 2.61 
9 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.99 0.87 2.73 
9 4 0.28 Glove Type 2 SS Circular 5.43 5.42 2.02 0.88 2.69 
9 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 2.05 0.90 2.64 
10 1 0.88 Barehand Nylon Circular 3.06 3.04 1.29 0.63 2.35 
10 1 0.88 Barehand Nylon Hexagonal 3.06 3.05 1.28 0.63 2.39 
10 1 0.88 Barehand SS Circular 3.06 3.04 1.40 0.69 2.17 
10 1 0.88 Barehand SS Hexagonal 3.06 3.05 1.38 0.67 2.22 
10 1 0.88 Glove Type 1 Nylon Circular 3.06 3.05 1.44 0.71 2.12 
10 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.06 1.53 0.75 2.02 
10 1 0.88 Glove Type 1 SS Circular 3.06 3.06 1.60 0.78 1.92 
10 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 1.65 0.81 1.86 
10 1 0.88 Glove Type 2 Nylon Circular 3.06 3.05 1.54 0.75 2.00 
10 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.06 1.56 0.76 1.96 
10 1 0.88 Glove Type 2 SS Circular 3.06 3.06 1.48 0.73 2.07 
10 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 1.55 0.76 1.97 
10 2 0.88 Barehand Nylon Circular 3.54 3.54 1.45 0.71 2.45 
10 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.32 0.65 2.68 
10 2 0.88 Barehand SS Circular 3.54 3.54 1.42 0.69 2.50 
10 2 0.88 Barehand SS Hexagonal 3.54 3.54 1.45 0.71 2.45 
10 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.57 0.77 2.26 
10 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.55 1.53 0.75 2.32 
10 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.60 0.78 2.22 













ID IDe MT Normalized 
MT 
TP 
10 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.53 0.75 2.32 
10 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.54 0.76 2.30 
10 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.59 0.78 2.24 
10 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.65 0.81 2.15 
10 3 0.43 Barehand Nylon Circular 4.39 4.37 1.52 0.74 2.88 
10 3 0.43 Barehand Nylon Hexagonal 4.39 4.38 1.53 0.75 2.86 
10 3 0.43 Barehand SS Circular 4.39 4.37 1.53 0.75 2.86 
10 3 0.43 Barehand SS Hexagonal 4.39 4.38 1.54 0.76 2.83 
10 3 0.43 Glove Type 1 Nylon Circular 4.39 4.38 1.60 0.78 2.74 
10 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.38 1.61 0.79 2.72 
10 3 0.43 Glove Type 1 SS Circular 4.39 4.38 1.57 0.77 2.79 
10 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.38 1.67 0.82 2.62 
10 3 0.43 Glove Type 2 Nylon Circular 4.39 4.37 1.72 0.84 2.55 
10 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.37 1.73 0.85 2.53 
10 3 0.43 Glove Type 2 SS Circular 4.39 4.37 1.71 0.84 2.55 
10 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.37 1.78 0.87 2.46 
10 4 0.28 Barehand Nylon Circular 5.43 5.42 1.67 0.82 3.26 
10 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.58 0.77 3.45 
10 4 0.28 Barehand SS Circular 5.43 5.42 1.60 0.79 3.39 
10 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.65 0.81 3.29 
10 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.94 0.95 2.80 
10 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.92 0.94 2.83 
10 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.85 0.91 2.94 
10 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.86 0.91 2.92 
10 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 2.04 1.00 2.70 
10 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.93 0.95 2.81 
10 4 0.28 Glove Type 2 SS Circular 5.43 5.42 1.87 0.92 2.90 
10 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.41 1.94 0.95 2.79 
11 1 0.88 Barehand Nylon Circular 3.06 3.05 1.11 0.77 2.74 
11 1 0.88 Barehand Nylon Hexagonal 3.06 3.05 1.09 0.75 2.81 
11 1 0.88 Barehand SS Circular 3.06 3.04 1.15 0.80 2.65 
11 1 0.88 Barehand SS Hexagonal 3.06 3.04 1.10 0.76 2.78 
11 1 0.88 Glove Type 1 Nylon Circular 3.06 3.05 1.13 0.78 2.71 
11 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.05 1.11 0.77 2.76 
11 1 0.88 Glove Type 1 SS Circular 3.06 3.05 1.12 0.78 2.72 
11 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.05 1.16 0.80 2.64 
11 1 0.88 Glove Type 2 Nylon Circular 3.06 3.04 1.10 0.76 2.77 
11 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.05 1.13 0.78 2.71 
11 1 0.88 Glove Type 2 SS Circular 3.06 3.05 1.08 0.75 2.82 
11 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.05 1.15 0.80 2.65 













ID IDe MT Normalized 
MT 
TP 
11 2 0.88 Barehand Nylon Hexagonal 3.54 3.55 1.21 0.84 2.93 
11 2 0.88 Barehand SS Circular 3.54 3.54 1.24 0.86 2.85 
11 2 0.88 Barehand SS Hexagonal 3.54 3.54 1.29 0.89 2.75 
11 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 1.18 0.82 2.98 
11 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 1.21 0.84 2.95 
11 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.22 0.85 2.90 
11 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 1.27 0.88 2.79 
11 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.19 0.83 2.97 
11 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.22 0.84 2.91 
11 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.31 0.91 2.72 
11 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.24 0.86 2.86 
11 3 0.43 Barehand Nylon Circular 4.39 4.37 1.16 0.81 3.76 
11 3 0.43 Barehand Nylon Hexagonal 4.39 4.37 1.17 0.81 3.73 
11 3 0.43 Barehand SS Circular 4.39 4.37 1.19 0.82 3.69 
11 3 0.43 Barehand SS Hexagonal 4.39 4.37 1.17 0.81 3.75 
11 3 0.43 Glove Type 1 Nylon Circular 4.39 4.37 1.31 0.90 3.35 
11 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.37 1.34 0.93 3.27 
11 3 0.43 Glove Type 1 SS Circular 4.39 4.37 1.25 0.87 3.50 
11 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.37 1.32 0.92 3.31 
11 3 0.43 Glove Type 2 Nylon Circular 4.39 4.37 1.24 0.86 3.54 
11 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.37 1.25 0.86 3.51 
11 3 0.43 Glove Type 2 SS Circular 4.39 4.37 1.22 0.85 3.57 
11 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.37 1.25 0.87 3.49 
11 4 0.28 Barehand Nylon Circular 5.43 5.43 1.28 0.89 4.25 
11 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.28 0.88 4.26 
11 4 0.28 Barehand SS Circular 5.43 5.42 1.22 0.84 4.46 
11 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.28 0.89 4.24 
11 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.40 0.97 3.90 
11 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.41 1.40 0.97 3.87 
11 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.37 0.95 3.98 
11 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.41 1.44 1.00 3.77 
11 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.35 0.93 4.03 
11 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.38 0.95 3.94 
11 4 0.28 Glove Type 2 SS Circular 5.43 5.42 1.37 0.95 3.95 
11 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.39 0.96 3.92 
12 1 0.88 Barehand Nylon Circular 3.06 3.06 1.24 0.69 2.49 
12 1 0.88 Barehand Nylon Hexagonal 3.06 3.07 1.24 0.69 2.51 
12 1 0.88 Barehand SS Circular 3.06 3.06 1.26 0.71 2.47 
12 1 0.88 Barehand SS Hexagonal 3.06 3.06 1.22 0.68 2.52 
12 1 0.88 Glove Type 1 Nylon Circular 3.06 3.06 1.12 0.63 2.73 













ID IDe MT Normalized 
MT 
TP 
12 1 0.88 Glove Type 1 SS Circular 3.06 3.06 1.21 0.68 2.56 
12 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 1.21 0.68 2.54 
12 1 0.88 Glove Type 2 Nylon Circular 3.06 3.06 1.36 0.76 2.26 
12 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.06 1.43 0.80 2.15 
12 1 0.88 Glove Type 2 SS Circular 3.06 3.06 1.32 0.74 2.33 
12 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 1.27 0.71 2.43 
12 2 0.88 Barehand Nylon Circular 3.54 3.53 1.14 0.64 3.10 
12 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.30 0.73 2.74 
12 2 0.88 Barehand SS Circular 3.54 3.53 1.23 0.69 2.89 
12 2 0.88 Barehand SS Hexagonal 3.54 3.53 1.28 0.72 2.76 
12 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 1.26 0.70 2.82 
12 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.53 1.30 0.73 2.73 
12 2 0.88 Glove Type 1 SS Circular 3.54 3.53 1.33 0.75 2.65 
12 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.53 1.42 0.80 2.49 
12 2 0.88 Glove Type 2 Nylon Circular 3.54 3.53 1.43 0.80 2.47 
12 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.53 1.33 0.75 2.65 
12 2 0.88 Glove Type 2 SS Circular 3.54 3.53 1.43 0.80 2.47 
12 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.49 0.84 2.40 
12 3 0.43 Barehand Nylon Circular 4.39 4.39 1.34 0.75 3.30 
12 3 0.43 Barehand Nylon Hexagonal 4.39 4.39 1.29 0.72 3.40 
12 3 0.43 Barehand SS Circular 4.39 4.39 1.35 0.75 3.26 
12 3 0.43 Barehand SS Hexagonal 4.39 4.39 1.38 0.77 3.19 
12 3 0.43 Glove Type 1 Nylon Circular 4.39 4.39 1.52 0.85 2.95 
12 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.39 1.38 0.77 3.20 
12 3 0.43 Glove Type 1 SS Circular 4.39 4.39 1.38 0.77 3.27 
12 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.39 1.43 0.80 3.07 
12 3 0.43 Glove Type 2 Nylon Circular 4.39 4.38 1.53 0.86 2.86 
12 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.39 1.78 1.00 2.47 
12 3 0.43 Glove Type 2 SS Circular 4.39 4.39 1.64 0.92 2.68 
12 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.39 1.65 0.93 2.66 
13 1 0.88 Barehand Nylon Circular 3.06 3.07 0.97 0.53 3.16 
13 1 0.88 Barehand Nylon Hexagonal 3.06 3.07 0.92 0.50 3.35 
13 1 0.88 Barehand SS Circular 3.06 3.07 1.08 0.59 2.84 
13 1 0.88 Barehand SS Hexagonal 3.06 3.07 1.05 0.57 2.93 
13 1 0.88 Glove Type 1 Nylon Circular 3.06 3.07 0.99 0.53 3.12 
13 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.06 0.94 0.51 3.29 
13 1 0.88 Glove Type 1 SS Circular 3.06 3.07 1.03 0.55 2.99 
13 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 1.05 0.56 2.94 
13 1 0.88 Glove Type 2 Nylon Circular 3.06 3.06 1.00 0.54 3.06 
13 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.07 1.05 0.57 2.92 













ID IDe MT Normalized 
MT 
TP 
13 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 1.05 0.57 2.91 
13 2 0.88 Barehand Nylon Circular 3.54 3.55 1.05 0.57 3.40 
13 2 0.88 Barehand Nylon Hexagonal 3.54 3.55 1.06 0.57 3.36 
13 2 0.88 Barehand SS Circular 3.54 3.56 1.12 0.61 3.16 
13 2 0.88 Barehand SS Hexagonal 3.54 3.55 1.11 0.60 3.21 
13 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.09 0.59 3.26 
13 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.55 1.07 0.58 3.31 
13 2 0.88 Glove Type 1 SS Circular 3.54 3.55 1.18 0.64 3.03 
13 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 1.15 0.62 3.08 
13 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.07 0.58 3.32 
13 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.08 0.59 3.29 
13 2 0.88 Glove Type 2 SS Circular 3.54 3.55 1.08 0.59 3.29 
13 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.16 0.62 3.07 
13 3 0.43 Barehand Nylon Circular 4.39 4.39 1.00 0.54 4.42 
13 3 0.43 Barehand Nylon Hexagonal 4.39 4.39 0.98 0.53 4.51 
13 3 0.43 Barehand SS Circular 4.39 4.39 1.04 0.56 4.21 
13 3 0.43 Barehand SS Hexagonal 4.39 4.39 1.07 0.58 4.13 
13 3 0.43 Glove Type 1 Nylon Circular 4.39 4.39 1.24 0.67 3.54 
13 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.39 1.15 0.62 3.82 
13 3 0.43 Glove Type 1 SS Circular 4.39 4.38 1.26 0.68 3.48 
13 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.39 1.18 0.64 3.73 
13 3 0.43 Glove Type 2 Nylon Circular 4.39 4.38 1.32 0.71 3.34 
13 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.38 1.43 0.77 3.09 
13 3 0.43 Glove Type 2 SS Circular 4.39 4.38 1.34 0.73 3.27 
13 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.38 1.28 0.69 3.43 
13 4 0.28 Barehand Nylon Circular 5.43 5.42 1.44 0.78 3.77 
13 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.47 0.80 3.70 
13 4 0.28 Barehand SS Circular 5.43 5.42 1.43 0.77 3.78 
13 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.39 0.75 3.90 
13 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.67 0.90 3.26 
13 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.72 0.93 3.16 
13 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.61 0.87 3.37 
13 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.65 0.89 3.29 
13 4 0.28 Glove Type 2 Nylon Circular 5.43 5.42 1.83 0.99 2.97 
13 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.79 0.97 3.03 
13 4 0.28 Glove Type 2 SS Circular 5.43 5.42 1.78 0.96 3.04 
13 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.85 1.00 2.96 
14 1 0.88 Barehand Nylon Circular 3.06 3.05 0.94 0.60 3.23 
14 1 0.88 Barehand Nylon Hexagonal 3.06 3.06 0.92 0.59 3.34 
14 1 0.88 Barehand SS Circular 3.06 3.05 0.97 0.62 3.14 













ID IDe MT Normalized 
MT 
TP 
14 1 0.88 Glove Type 1 Nylon Circular 3.06 3.04 1.05 0.67 2.89 
14 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.05 1.03 0.66 2.97 
14 1 0.88 Glove Type 1 SS Circular 3.06 3.05 1.04 0.66 2.93 
14 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.05 1.07 0.68 2.86 
14 1 0.88 Glove Type 2 Nylon Circular 3.06 3.05 0.97 0.62 3.14 
14 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.05 0.99 0.63 3.10 
14 1 0.88 Glove Type 2 SS Circular 3.06 3.05 1.00 0.64 3.06 
14 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.06 0.94 0.60 3.24 
14 2 0.88 Barehand Nylon Circular 3.54 3.54 1.08 0.69 3.27 
14 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.01 0.65 3.50 
14 2 0.88 Barehand SS Circular 3.54 3.53 1.15 0.73 3.07 
14 2 0.88 Barehand SS Hexagonal 3.54 3.53 1.12 0.72 3.14 
14 2 0.88 Glove Type 1 Nylon Circular 3.54 3.53 1.06 0.68 3.33 
14 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.53 1.07 0.68 3.30 
14 2 0.88 Glove Type 1 SS Circular 3.54 3.53 1.13 0.72 3.15 
14 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.53 1.08 0.69 3.26 
14 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.00 0.64 3.54 
14 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.06 0.67 3.35 
14 2 0.88 Glove Type 2 SS Circular 3.54 3.53 1.03 0.65 3.44 
14 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.53 1.08 0.69 3.27 
14 3 0.43 Barehand Nylon Circular 4.39 4.38 1.04 0.66 4.21 
14 3 0.43 Barehand Nylon Hexagonal 4.39 4.37 1.07 0.68 4.09 
14 3 0.43 Barehand SS Circular 4.39 4.38 1.07 0.68 4.10 
14 3 0.43 Barehand SS Hexagonal 4.39 4.37 1.06 0.67 4.14 
14 3 0.43 Glove Type 1 Nylon Circular 4.39 4.37 1.14 0.73 3.85 
14 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.37 1.12 0.72 3.90 
14 3 0.43 Glove Type 1 SS Circular 4.39 4.37 1.15 0.73 3.79 
14 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.37 1.15 0.73 3.80 
14 3 0.43 Glove Type 2 Nylon Circular 4.39 4.37 1.10 0.70 4.01 
14 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.38 1.10 0.70 4.00 
14 3 0.43 Glove Type 2 SS Circular 4.39 4.37 1.13 0.72 3.88 
14 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.37 1.13 0.72 3.90 
14 4 0.28 Barehand Nylon Circular 5.43 5.42 1.32 0.84 4.12 
14 4 0.28 Barehand Nylon Hexagonal 5.43 5.42 1.23 0.78 4.42 
14 4 0.28 Barehand SS Circular 5.43 5.42 1.22 0.77 4.47 
14 4 0.28 Barehand SS Hexagonal 5.43 5.42 1.21 0.77 4.50 
14 4 0.28 Glove Type 1 Nylon Circular 5.43 5.42 1.46 0.93 3.72 
14 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.42 1.43 0.91 3.80 
14 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.45 0.92 3.75 
14 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.42 1.57 1.00 3.53 













ID IDe MT Normalized 
MT 
TP 
14 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.42 1.32 0.84 4.12 
14 4 0.28 Glove Type 2 SS Circular 5.43 5.42 1.35 0.86 4.02 
14 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.39 0.88 3.90 
15 1 0.88 Barehand Nylon Circular 3.06 3.06 1.04 0.66 2.96 
15 1 0.88 Barehand Nylon Hexagonal 3.06 3.06 1.03 0.65 2.98 
15 1 0.88 Barehand SS Circular 3.06 3.05 1.03 0.65 2.97 
15 1 0.88 Barehand SS Hexagonal 3.06 3.06 0.96 0.61 3.19 
15 1 0.88 Glove Type 1 Nylon Circular 3.06 3.05 1.01 0.64 3.03 
15 1 0.88 Glove Type 1 Nylon Hexagonal 3.06 3.05 1.03 0.65 2.96 
15 1 0.88 Glove Type 1 SS Circular 3.06 3.06 1.12 0.71 2.73 
15 1 0.88 Glove Type 1 SS Hexagonal 3.06 3.06 1.10 0.69 2.86 
15 1 0.88 Glove Type 2 Nylon Circular 3.06 3.06 1.17 0.74 2.64 
15 1 0.88 Glove Type 2 Nylon Hexagonal 3.06 3.05 1.20 0.76 2.59 
15 1 0.88 Glove Type 2 SS Circular 3.06 3.06 1.14 0.72 2.67 
15 1 0.88 Glove Type 2 SS Hexagonal 3.06 3.05 1.14 0.72 2.68 
15 2 0.88 Barehand Nylon Circular 3.54 3.54 1.15 0.73 3.07 
15 2 0.88 Barehand Nylon Hexagonal 3.54 3.54 1.11 0.70 3.19 
15 2 0.88 Barehand SS Circular 3.54 3.54 1.18 0.75 3.02 
15 2 0.88 Barehand SS Hexagonal 3.54 3.54 1.30 0.82 2.72 
15 2 0.88 Glove Type 1 Nylon Circular 3.54 3.54 1.09 0.69 3.26 
15 2 0.88 Glove Type 1 Nylon Hexagonal 3.54 3.54 1.13 0.71 3.15 
15 2 0.88 Glove Type 1 SS Circular 3.54 3.54 1.21 0.76 2.93 
15 2 0.88 Glove Type 1 SS Hexagonal 3.54 3.54 1.28 0.81 2.77 
15 2 0.88 Glove Type 2 Nylon Circular 3.54 3.54 1.22 0.77 2.90 
15 2 0.88 Glove Type 2 Nylon Hexagonal 3.54 3.54 1.28 0.81 2.77 
15 2 0.88 Glove Type 2 SS Circular 3.54 3.54 1.29 0.82 2.75 
15 2 0.88 Glove Type 2 SS Hexagonal 3.54 3.54 1.26 0.80 2.81 
15 3 0.43 Barehand Nylon Circular 4.39 4.39 1.07 0.67 4.11 
15 3 0.43 Barehand Nylon Hexagonal 4.39 4.38 1.13 0.71 3.89 
15 3 0.43 Barehand SS Circular 4.39 4.38 1.04 0.66 4.20 
15 3 0.43 Barehand SS Hexagonal 4.39 4.38 0.99 0.62 4.44 
15 3 0.43 Glove Type 1 Nylon Circular 4.39 4.37 1.11 0.70 3.95 
15 3 0.43 Glove Type 1 Nylon Hexagonal 4.39 4.37 1.09 0.69 4.00 
15 3 0.43 Glove Type 1 SS Circular 4.39 4.37 1.13 0.71 3.90 
15 3 0.43 Glove Type 1 SS Hexagonal 4.39 4.37 1.14 0.72 3.84 
15 3 0.43 Glove Type 2 Nylon Circular 4.39 4.37 1.17 0.74 3.75 
15 3 0.43 Glove Type 2 Nylon Hexagonal 4.39 4.37 1.11 0.70 3.93 
15 3 0.43 Glove Type 2 SS Circular 4.39 4.37 1.20 0.76 3.67 
15 3 0.43 Glove Type 2 SS Hexagonal 4.39 4.37 1.28 0.81 3.41 
15 4 0.28 Barehand Nylon Hexagonal 5.43 5.43 1.29 0.82 4.20 













ID IDe MT Normalized 
MT 
TP 
15 4 0.28 Barehand SS Hexagonal 5.43 5.43 1.23 0.78 4.45 
15 4 0.28 Glove Type 1 Nylon Circular 5.43 5.41 1.32 0.83 4.11 
15 4 0.28 Glove Type 1 Nylon Hexagonal 5.43 5.41 1.35 0.85 3.94 
15 4 0.28 Glove Type 1 SS Circular 5.43 5.42 1.45 0.91 3.78 
15 4 0.28 Glove Type 1 SS Hexagonal 5.43 5.41 1.42 0.90 3.84 
15 4 0.28 Glove Type 2 Nylon Circular 5.43 5.41 1.53 0.97 3.55 
15 4 0.28 Glove Type 2 Nylon Hexagonal 5.43 5.41 1.56 0.99 3.48 
15 4 0.28 Glove Type 2 SS Circular 5.43 5.41 1.53 0.97 3.57 
15 4 0.28 Glove Type 2 SS Hexagonal 5.43 5.42 1.58 1.00 3.43 
 
